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Abstract of the thesis, submitted to the Aligarh Muslim University, Aligarh, 
India for the degree of Doctor of Philosophy in Botany, 1999 
Five field experiments v^ere conducted during 'rabi' (winter) seasons 
of 1994-97 at the Aligarh Muslim University Farm, Aligarh (India) according 
to factorial randomised design to study the effect of soil and foliar application 
of N and P on growlh parameters, enzyme activities, NPK content of leaves 
and yield and quality characteristics of four cultivars of linseed. (Linum 
usitatissimiim L.), viz. Garima, Mukta, Neelam and Shubhra grown with a 
uniform basal dose of 30 kg K/ha. The sources of basal N, P and K were urea, 
monocalcium superphosphate and muriate of potash respectively, while foliar 
P was applied in two equal splits as sodium dihydrogen orthophosphate (SDP) 
or diammonium phosphate (DAP) and foliar N, as urea. 
Experiment 1 (1994-95): The effect of five levels of basal N (Bj^ ). i.e. 0, 30, 
60. 90 and 120 kg N/ha, on the performance of the four cultivars of linseed, 
grown with 30 kg basal P (Bp) was studied. 90 kg N/ha proved best for most 
growth and yield parameters, including seed yield. Neelam and Shubhra showed 
equal and better response than Garima at par with Mukta. 90 kg N/ha x Neelam 
(or Shubhra) proved best for most parameters 
Experiment 2 (1995-96):. The response of four cultivars to 0, 15, 30,45 and 
60 kg P/ha in the presence of the best dose of N (BJ^^Q) obtained in Experiment 
1 was studied. 30 kg P/ha proved best for most growth and yield characteristics. 
Cultivar Neelam equalled by Shubhra responded better than Garima and Mukta. 
Experiment 3 : With the aim to explore the possibility of nitrogen economy , 
10, 20 or 30 kgN/ha was sprayed as foliar of supplemental nitrogen {¥^) on 
the tops of the four cultivars grown with a sub-optimal basal dose of N (BJ^^Q) 
and sufficient basal P {Bp3Q). Their performance was compared with two 
controls sprayed with water (F^ ;^ ) and receiving either B^^Q or B^ ,gQ. Treatment 
^N60 "*" ^Nio proved best for most characters Neelam and Shubhra being at par 
responded better compared with Garima and Mukta. The interaction BJ^ ^Q + 
Fj^ ,,Q X Neelam (or Shubhra) was found best for most characteristics. 
Experiment 4 (1996-97): The feasibility' of P economy was studied by spraying 
two supplemental levels of 2 or 4 kg foliar P/ha (Fp), on the same cultivars 
grown with sub-optimal (Bp^ )^ and BJ^ ^Q and by comparing them with Bpj^ + 
F^. (Control 1) and BpjQ + F^, (Control 2). Bp2Q + Fp2 had parity with Bpj^ + F^, 
and proved superior to all other treatments for most characteristics. It also 
indicated a saving of 8 kg P/ha together with high yields and quality. Neelam 
(equalled by Shubhra) gave better response than Garima and Mukta. 
Experiment 5 : This field trial was conducted simultaneously with Experiment 
4 and based on the findings of Experiments 2 and 3, was laid to explore the 
possibility of maximising the yield together with fertiliser economy by growing 
the four cultivars with sub-optimal Bj^ -^ Qp-.^  supplemented with foliar application 
of (i) Fj^ jQp^  and Fj^ jQp^  and (ii) two sources of P laboratory grade SDP and 
commercial grade DAP. The controls P were Bj^ ^^ pj^  + F^, and Bj^ Q^p2o + F^ )• 
BN6OP2O^ FNIOP2(DAP)' ^ ^'"^ ^^  P ^ ^ '^^ ^ °^^^^ treatments, except Bj^ Q^p^ o + F^. 
which gave lower value. pro\ed best for most characteristics, resulting in 
considerable economy of fertiliser N and P while ensuring high yield. Neelam 
and Shubhra again responded better tlian Garima and Mukta Bj^ ^^ pj^  + Fj^ iop^  (DAP) 
Neelam (and Shubhra) proved best for most characteristics, including seed and 
oil \ ield. 
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INTRODUCTION 
CHAPTER 1 
INTRODUCTION 
Agriculture occupies an important position in contributing the gross 
national production of many countries of the world. Like other nations, oilseeds 
(being a valuable commodity for industries producing edible and non-edible 
oils) hold a high rank in the agricultural economy of India. The important 
oilseed crops grown in India include castor, groundnut, linseed, mustard, 
nigerseed, rapeseed, safflower. sesame, soybean and sunflower (Samba Murt}' 
and Subrahmanyam, 1989). 
Weight for weight, edible oils provide 2.5 times more calories than the 
carbohydrates. They also provide a medium for transport of fat soluble vitamins 
(A. D, E and K) in the human bod\. Besides, non-edible oils play a vital role in 
e\'eryday life due to their substitute \alue in industries, like fiiel, grease, hair 
oil. lubricants, paint, soap and vamish. The by-product left after extraction of 
oil is valuable feed for li\estock and poultry. Other uses are as manure and 
nematicide (Hill, 1952; Anonymous. 1980; Samba Murt\' and Subrahmanyam. 
1989). 
Although its oil is seldom used for edible purposes (Hill, 1952). the 
importance of linseed {Linum ushaussimum L.) in industry is well recognised 
as its seeds have a high content of oil (35-44%) and it also furnishes good 
quality fibre. More recenth; howe\ er. a low linolenic acid containing cultivar 
of linseed has been developed for edible purposes (Green. 1986). Linseed oil 
is mainly used in the linoleum, paint, printer's ink. soft soap and vamish industr} 
(Hill. 1952). The fibre is used in the manufacture of canvas, coating, durries, 
shirting and strong twines. The woody matter left after extraction is converted 
into pulp for manufacture of paper (Samba Murty and Subrahmanyam. 1989). 
Linseed is also used for medicinal purposes. For example, the bark and leaves 
are given in gonorrhoea while the ash of the bark is styptic and vulnerary. The 
seeds are slightly diuretic and emollient and are administered in gonorrhoea. 
inflammator>- gastro-intestinal disorder, irritation of the genito-urinary organs, 
nephritis, cystitis, colds, cough, sore chest and throat and pulmonary complaints 
(Dastur, 1962: Chevallier, 1996). 
India has the dubious distinction of having a very large area (2 million 
ha) under linseed cultivation. This is about 40% of the total linseed crop area 
(5 million ha) world-wide. None the less, it accounts for only 22% (0.5 million 
mt) of the total (2.3 million mt) world production. The average yield of linseed 
in India (349 kg/ha) is far behind the averages of the other countries, like 
Iran - 1.000 kg/ha. The Netherlands - 1.111 kg/ha. Egypt - 1.225 kg/ha. 
Mexico - 1.364 kg/ha and New Zealand - 1.622 kg/ha (Samba Murty and 
Subrahmanyam, 1989: FAO, 1998). 
Our low productivity of oilseeds in general and linseed in particular is 
due to several factors. Some of these are listed here (i) More than 75% of the 
Indian fanners own small or marginal holdings of less than two hectares, (ii) 
Only 15% of the area under oilseeds is under irrigation compared to 72% under 
wheat and 44% under rice, (iii) Most fanners are ignorant of the techniques of 
cultivation of high yielding varieties, post harvest technology and proper 
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processing facilities, (iv) Pests and diseases reduce the yields further as oilseeds 
are more prone to these, (v) Out of 100 flowers produced only 68 develop into 
pods, (vi) Prevalent low temperature adversely affects flower bud development 
and thereby lowers seed yield and (vii) Lack of knowledge of the precise dose 
of fertilisers recommended by the Agriculture Department for a particular 
cultivar and region. Further, it has been well established that species of a genus 
(and even varieties of a species) differ, in their ability to fully utilise inputs, 
including nutrients, under the same environmental conditions (Millikan, 1961; 
Evans and Sorger, 1966). 
Therefore, in view of their low productivity coupled with increasing 
domestic and industrial demand, drastic increase in oilseed production is one 
of our national priorities. To achieve this goal, more than sixty research centres 
have been established by the Indian Council of Agricultural Research in different 
regions of the country to deal with various oilseed crops, including one for 
linseed improvement at Kanpur. Also, many research projects have been 
launched by non-government organisations to boost the production of oilseeds. 
However, it must be admitted that these efforts howsoever laudable have not 
yet succeeded in offsetting the undesired shortfall in the indigenous oil market. 
To meet the situation, the country has been importing huge quantity of edible 
oils every year. For example, the amount imported during 1997-98 was 89,000 
tonnes (Anonymous, 1999). 
One of the major achievements of our oilseed researchers is the 
development and introduction of improved varieties for various agro-climatic 
regions. However, it may be emphasised that these high yielding varieties (HYV) 
require large quantity of fertilisers for their optimum performance. The majority 
of Indian farmers are, however, either ignorant of the fact or so poor (or both) 
that they do not apply the required quantity of fertiliser and other inputs. On 
the other hand, even when the full dose of fertilisers is applied basally as a 
single application much of it is rendered unavailable to plants due to many 
factors. For example, upto 50% of the applied nitrogen may be lost through 
leaching, decomposition, volatilisation, etc. (Anonymous, 1971) and upto 70% 
of the phosphorus, by fixation (Russell, 1950). Under such conditions, 
supplemental application of the nutrients as split doses (top-dressing or foliar 
spray) may be helpful (Wittwer and Teubner, 1959; De, 1971; Afridi and 
Wasiuddin. 1979: Kannan, 1986: Mohammed. 1989, 1994; Patnaik. 1997). 
At Aligarh. although Afridi, Samiullah and their associates have don,e 
considerable work on the mineral nutritional requirement of some crops, 
including cereals, medicinal and aromatic plants, pulses and oilseeds, an in-
depth study has not been done on linseed. 
It was therefore, decided by the present author to undertake five field 
experiments on this important oilseed crop, keeping nutrient use efficiency in 
enhancing its productivity and quality. 
The first field experiment was conducted to determine the basal dose of 
nitrogen suited best to each of four newly released high yielding cultivars of 
linseed under local conditions. 
The second experiment was performed in the second season to determine 
the optimum requirement of phosphorus in the presence of the best dose of 
nitrogen determined in Experiment 1 for each of the same four cultivars of 
Unseed. 
The third experiment was based on the resuUs of Experiment 1 and was 
undertaken concurrently with Experiment 2. The aim was to determine the 
possibility of nitrogen economy through supplemental foliar fertilisation of 
the four cultivars grown with sub-optimal doses of nitrogen. 
The fourth experiment was based on the findings of Experiment 2 and 
was carried out in the third season. The object was to study the efficacy of leaf 
-applied supplemental phosphorus on the four cultivars of linseed grown with 
sub-optimal basal levels of phosphorus so as to determine whether phosphorus 
economy could be achieved without loss of productivity. 
The fifth experiment was based on the data of Experiments 2 and 3 and 
was undertaken simultaneously with Experiment 4. The aim of this last field 
trial was to explore the possibility of maximisation of yield together with 
fertiliser economy by growing the four cultivars with sub-optimal basal doses 
of nitrogen and phosphorus supplemented with foliar application of these two 
nutrients. Further, the efficacy of two sources of leaf-applied phosphorus, 
including a commercial grade one, was also tested in this concluding experiment 
so as to make the technique more cost-effective, if possible. 
The results of these experiments are given in detail in the following 
chapters and discussed in the light of the findings of other research workers in 
the field. 
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CHAPTER 2 
REVIEW OF LITERATURE 
2.1 Introduction 
Oilseeds play a vital role in human life. Among these, linseed enjoys 
an important place, being used for domestic, industrial and medicinal purposes. 
In India, linseed has been cultivated from pre-historic times (Samba Murty 
and Subrahmanyam, 1989). Like other crops, it requires balanced quantities of 
nutrients, particularly nitrogen, phosphorus and potassium, for optimum 
performance. In the following pages, an effort has been made to review the 
available literature on the general aspects of the crop and its response to 
exogenous application of nutrients, particularly nitrogen and phosphorus. 
2.2 Linseed 
Linseed^also called flax, belongs to the genus Linum of the family 
Linaceae. The genus, comprising mostly herbs and shrubs, is found in the 
temperate and sub-tropical parts of the world. Four species are recorded from 
India, of which, Linum usitatissimum L. is cuUivated widely for its oil. Linseed 
has different names in various languages of India. For example, in Sanskrit it is 
called Alasi, in Hindi - Alsi and tisi, in Bengali - Massina, in Marathi - Javas, 
in Gujarati - Alsi, in Telagu - Arisi, in Tamil - Alivirai, and in Kaimada - Agasi 
(Anonymous. 1962). 
2.2.1 Botanical description 
Linum usitatissimum L. 
Hahit : Annual herb. Stem : Cylindrical, erect simple below, 0.6-1.2 m, often 
solilar\ corymbosely branched above. Leaves : narrow sub-3-nerved. linear or 
lanceolate without stipular glands. Flowers : 2.5 cm diam., in broad cyme, 
sepals ovate, acuminate, 3 nerved, eglandular, margin ciliate or not. petals blue 
or white, stamens inserted outside the disc, alternate stamens usually reduced 
to staminodes. style quite free, stigma linear clavate. Fruit : rounded capsule 
(about 7 mm in diam.), surrounded by persistant sepals, containing 8-10 seeds. 
2.2.2 Geographical distribution 
Two main geographical groups corresponding to the oldest area of 
cultivation and centre of diversity may be recognised. Linseed has been 
cultivated since antiquit)' in the Mediterranean coastal lands, Asia Minor. Egypt, 
Algeria. Tunis. Spain and Greece; in all these areas only fibre flaxes are 
cultivated. The second group comprises South-West Asia, including Turkistan, 
Afghanistan and India; only oil t}'pes are grown in these areas. In Asia Minor 
and in South Russia, transitional forms are cultivated for both fibre and oil. 
Currently, linseed is cultivated on a large scale in Argentina, China, 
India, Ireland. Japan, Morocco, Pakistan, Poland, Scotland, Uruguay, USA, 
the member countries of the former USSR and a few European countries 
(Anonymous, 1962, Samba Murty and Subrahmanyam, 1989). 
2.2.3 Climate and soil 
Linseed is a winter crop in India and flourishes equally well in both the 
peninsular region of the South and the alluvial soil of the North. In general, a 
lighter soil, where the rainfall is heavy, and a heavier soil, where drier conditions 
prevail, agree best with the linseed crop. Soil with pH 6.6-7.6 is best suited for 
the plant (Samba Murty and Subrahmanyam, 1989). 
2.2.4 Cultivation 
As mentioned earlier, linsed is cultivated primarily as a winter crop all 
over India. Its normal time of sow ing differs from region to region.In peninsular 
India, it is generally sown in October, whereas, in the North, in the Gangetic 
alluvium it is generally sown in November. In Kashmir, the crop is SOWTI in 
February and March. When this crop is sown broadcast in the standing crop of 
paddy, the system is called utera or paira. Under this system, the sowing time 
is advanced by about a month. The seed rate for the normal linseed crop in 
different localities in India varies between 22.5 and 33.5 kg/ha. 
Linseed is grown as a mixed crop with gram, wheat, barley, mustard, 
etc. In India, the crop is generalK harvested in February and March in two 
ways, viz. either by cutting the plants close to the ground with sickle or by 
uprooting the plants by hand. For oil, the first method is employed and for 
fibre the latter method is followed. 
The harvested crop is dried in the sun and is subjected to threshing 
under the bullock's feet or with wooden mallets or under stone rollers or by 
simple paddle-operaled machines. The separation of the seed from chaff is 
easil}' carried out during the hot months by exposing the threshed material to 
wind when the seeds fall down and the chaff is blown away to a distance before 
it settles down. A hand operated winnowing machine, used for crops like wheat, 
can be utilised for linseed also for separating the seeds from the chaff (Samba 
Murt) and Subrahmanyam, 1989). 
2.3 Inorganic plant nutrition 
The importance of mineral nutrients and water for plant growth and 
reproduction is well recognised today even by illiterate farmers. The situation 
was not. however, the same at the dawn of civilisation and establishment of 
agricultural societies. This is clearly brought out by the following pages. 
2.3.1 Brief history 
The doctrine of mineral nutrition of plant is very old and can be traced 
back from the period of Aristotle (384 B.C.-322 B.C.) who recognised that the 
nutritive function separated the living from the dead and non-living. Cato 
(234 B.C. -149 B.C.) emphasised the importance of ploughing and pointed 
out tile need for careful conservation of manure (Bould, 1963). A major 
breakthrough occurred in the seventeenth century, with Von Helmont (1577-
1644) drawing the attention to the importance of nutrients for the plants (Bould, 1963). 
Glauber in 1656 emphasised the importance of saltpetre, obtained from 
cattle manure, for plant growth. Later, Home in 1755 found that saltpetre, 
epson salts and potassium sulphate were needed to increase plant growth and 
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development. However, the modem concept of plant nutrition was conceived 
at the beginning of the 19th century when de Saussure (1804) correlated the 
mineral content of plant ash with that of the soil harbouring the plant and claimed 
the essentiality of mineral elements,including nitrogen, for growth and 
development of plants. 
By the middle of the 19th century, Liebig (1840) realised the necessity 
of phosphorus and magnesium and emphasised the importance of other mineral 
elements in the nutrition of plants. 
In due course of time and with ever-increasing sophistication of 
analytical techniques, different researchers were able to demonstrate the 
essentiality of 16 elements for the growth and developments of most plants. 
These include, according to their concentration in the tissue of higher plants in 
decreasing order : hydrogen, carbon, oxygen, nitrogen, potassium, calcium, 
magnesium, phosphorus, sulphur, chlorine, iron, boron, manganese, zinc, copper 
and molybdenum. Although some other elements have also been claimed to be 
essential, they are not universally acceptable (Marschner, 1986; Salisbury and 
Ross. 1992). 
2.3.2 Physiological roles of nitrogen, phosphorus and potassium in plants 
Although each essential plant nutrient plays a specific role (sometimes 
in combination with one or more of the other macro- or micro-nutrient), nitrogen, 
phosphorus and potassium are considered and treated separately as they are 
removed by most crops in relatively much larger quantities. As such, their 
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replenishment through external application is imperative for healthy crop growth 
and profitable economic returns. 
2.3.2.1 Nitrogen 
It is present at 1-5% by weight in dry plant tissue. It is obtained by 
plants as nitrate ions (NO3"), ammonium ions (NH^") and urea (Samuel et al. 
1997). Nitrogen enters into the composition of many essential compounds such 
as amino acids, proteins, enzymes, nucleic acids, plant growth regulators, 
vitamins and chlorophyll. 
An adequate supply of nitrogen is associated with vigorous vegetative 
growlh and dark green colour. When nitrogen deficiency occurs in the soil, 
plants become stunted and yellow in appearance. It is highly mobile in the 
plant. Under its scarcity, yellowing (chlorosis) usually appears first in the lower 
leaves while the upper leaves remain green. Reduction in cell division and cell 
enlargement occurs when nitrogen is lacking. Nitrogen deficiency also results 
in the production of pigments other than chlorophyll. For example in tomato 
leaf, veins turn purple or red due to development of anthocyanin pigments 
(Bould. 1963; Salisbury and Ross, 1992). 
An excess or imbalance of this nutrient in relation to others, like 
phosphorus, potassium and sulphur,can prolong the growing period and delay 
crop maturity. Excess supply of nitrogen also results in poorly developed root 
system and low root/shoot ratio (Curtis and Clark 1950; Black, 1973; Devlin 
and Witham, 1986; Salisbury and Ross, 1992). 
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2.3.2.2 Phosphorus 
Phosphorus occurs in most plants at 0.1 and 0.4% on dry weight basis. 
It is absorbed by plants as monovalent (H^PO^) and divalent (HPO ~^) ions which 
are later converted into organic form upon entry into roots or after transport 
through the xylem in shoot (Wiklander e/a/., 1950). Like nitrogen, phosphorus 
is also a constituent of important metabolites, like phosphorylated sugars 
involved in photosynthesis, respiration and other metabolic processes. It is 
also part of ribose nucleic acids, phospholipids present in membrane, phytin, 
nicotinamide adenine dinucleotide (NAD), nicotinamide adenine dinucleotide 
phosphate (NADP), adenosine triphosphate (ATP), pyridoxal phosphate, 
nucleoproteins, nucleic acids, purine and pyrimidine nucleotides and flavin 
nucleotide (Delvin and Witham, 1986; Salisbury' and Ross, 1992). It is also 
required in the production of assimilatory power, viz. NADPH + H^ and ATP 
(Amon, 1959). 
Phosphorus deficiency in plants results in poor growth, dead patches 
on leaf, petiole and fruit and delay in maturity and anthocyanin dependent 
purple coloration of leaf and stem compared with those containing adequate 
phosphates. In contrast to nitrogen, excess supply of phosphorus results in 
increased root growth compared with shoot growth (Tamhane et al., 1970). 
Under excess supply of phosphorus, anthocyanins some times accumulate with 
the oldest leaves becoming dark brown and such plants suffer from premature 
leaf fall (Devlin and Witham, 1986; Marschner, 1986). 
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2.3.2.3 Potassium 
Unlike nitrogen and phosphorus, potassium does not become a 
constituent of any metabolic compound (Evans and Sorger, 1966). 1 % potassium 
(on a dry weight basis) is needed for proper growth and development of plants 
(Salisbury and Ross, 1992). The highest concentration of potassium is found 
in the meristematic regions (Nason and McElroy, 1963). Webster and Vamer 
(1954) reported that potassium is an activator for enzymes involved in the 
synthesis of peptide bonds. The accumulation of carbohydrates, often observed 
during the early stage of potassium deficiency, may be due to impaired protein 
synthesis (Eaton, 1952) because carbon skeletons that would normally go into 
protein synthesis are accumulated as carbohydrates. 
In addition to its role as an activator in protein metabolism, potassium 
also affects the opening and closing of stomata (Humble and Hsiao, 1969). 
Translocation of organic solutes totally depends upon potassium ions, which 
are moved across the sieve plate actively (Salisbury and Ross, 1992). It is 
required in starch formation (Preiss and Greenberg, 1967; Nitsos and Evans. 
1969). oxidative phosphorylation, glycolysis and adenine synthesis (Evans and 
Sorger, 1966). 
Reduced intemodes of stem, as well as the production of grain, in cereals 
and delayed maturity have been noted in potassium deficient plants which also 
show stunted growth of shoot with numerous tillers but little or no flowering. 
The colour of leaf may be dull bluish green. Chlorosis occurs in intervenal 
14 
regions. In older leaves, browning of tips, margin scorching or development of 
brown spots near margins occurs. 
2.3.3 Main sources of nitrogen, phosphorus and potassium for plants 
Soil is the matrix which not only supports plants but also provides them 
water and minerals required for their growth. As the growth of plants in general 
and crop plants in particular continues, generation after generation, depletion 
of nutrients, particularly nitrogen, phosphorus and potassium occurs in the soil, 
as they are removed and consumed in huge quantities. It, therefore, becomes 
inevitable to add a sufficient amount of these nutrients every year for ensuring 
good harvest. To fulfil the requirement of nitrogen, anhydrous ammonia, 
ammonium sulphate, calcium ammonium chloride, calcium ammonium nitrate 
and urea, among others, are applied. Similarly, single superphosphate, nitric 
phosphate, diammonium phosphate and ammonium polyphosphate are the 
dominant sources of phosphorus applied to the soil for the purpose. Potassium 
chloride (muriate of potash) and potassium sulphate are the principal potassium 
fertilisers used (Donahue et al., 1990; Tandon, 1993). 
2.3.4 Application of nutrients to crop plants 
For centuries, it has been found profitable to add manures and other 
forms of decaying organic matter to fields. With the advent of chemical fertilisers 
in the middle of the last century, liberal application of these fertilisers to the 
soil for maintaining its fertility became common practice in America and 
Europe. It was, however, found later that the added fertilisers were rendered 
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partly unavailable to the crops after their application owing to various reasons, 
including fixation, volatilisation and leaching. Moreover, the escalating cost 
of these fertilisers poses a grave problem for farmers in developing countries. 
Keeping these points in view, farm scientists have developed several new 
techniques to conserve this costly input. One of these is the now well established 
method of top-dressing. However, it has proved difficult to adopt for several 
crops and is also wasteful to some extent like basal application. The novel 
technique of foliar application of nutrients seems to be a good alternative as it 
has been proved a convenient, efficacious, universally acceptable and 
economically sound practice for supplementing the fertiliser requirements of 
various crops, particularly under such adverse conditions, as quick fixation of 
nutrients, slow response of plants to some soil-applied nutrients, differential 
demand of nutrients at various gro\\lh stages of plants and deficiency of micro-
nutrients in plants. Such conditions are ver>' common in hilly regions or where 
soil is sandy and porous or highly alkaline, acidic, or water logged (Boynton, 
1954; Wittwer and Teubner. 1959; Wittwer and Bukovac, 1969; De, 1971; 
Afridi and Wasiuddin 1979; Kannan, 1986; Mohammad, 1994). 
2.3.5 Effect of applied nutrients on the performance of linseed 
Like other crops, linseed also responds to exogenous application of 
inputs, including nutrients. In the following pages, relevant available recent 
publications on the response of improved cultivars to various inputs related 
directl) or indirectly to the absorption and utilisation of nitrogen and phosphorus 
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has been reviewed. As the present study was planned to be carried out in India, 
most of the references included are of Indian origin. 
Koshta and Battawar (1981) carried out a field experiment on linseed 
(oilseed flax) at Jabalpur (M.P.). They applied nitrogen at 0, 30, 60 and 90 kg 
N/ha. Increase in yield was noted up to 60 kg N/ha. No further increase was 
observed at the higher dose (90 kg/ha). 
Samiullah et al. (1982) conducted a field experiment on linseed cv. 
LIK 745 at Aligarh (U.P.) in the 1979-80 season to study the effect, under 
irrigated conditions, of five levels of phosphorus, viz. 0, 50, 100, 150 and 200 
kg P,0,/ha (0, 21.8, 43.7, 65.5 and 87.3 kg P/ha) along with a uniform dose of 
100 kg N and 25 kg K^O/ha (20.7 kg K/ha). They noted that most of the yield 
parameters, including seed yield, were increased linearly by the application of 
phosphorus. However, 65.5 kg P/ha proved optimum for number of capsules/ 
plant and seed yield, whereas 87.3 kg P/ha was required for maximising the 
number and weight of seeds/capsule. Broadly speaking, their data confirmed 
the earlier findings of Saxena and Sinha (1966), Prashar etal. (1968) and Singh 
and Singh (1978). 
Singh et al. (1982) carried out a field experiment at Jabalpur (M.P.). 
They studied the effect of four levels of fertility, viz. (1) 0, (2) 30 kg N + 15 kg 
P,0, (6.5 kg P). (3) 60 kg N + 30 kg P^ O^ (13.1 kg P) and (4) 60 kg N + 30 kg 
?p^ (13.1 kg P) + 15 kg K^O (12.4kg K)/ha, on the performance of Imseed cv. 
T 397. They found that applicafion of 60 kg N + 13.1 kg P/ha proved best for 
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seed yield. They also reported thai added potassium had a depressing effect on 
seed yield. 
Tomar et al. (1985) carried out a field experiment at Jabalpur (M.P.) on 
linseed cv. Pratima (SPS 23-10). They applied three levels of fertility, viz.0+0+0, 
30+20+10 and 60+40+20 kg N+P+K/ha. They found that increasing levels of 
fertility significantly increased growth and yield attributes, including seed yield. 
Mahajan et al. (1986) performing a field experiment at Akola 
(Maharashtra), studied the effect of four levels of nitrogen (0, 25, 50 and 75 kg 
N/ha) alongwith a uniform basal dose of 25 kg P^ O^ (10.9 kg P)/ha on growth 
and yield of linseed (cv. not mentioned). They found that branches/plant, dry 
matter/plant, weight of capsules/plant and grain yield were linearly affected by 
nitrogen application, with 50 kg N/ha proving optimum for most of these 
parameters. However, 25 kg N/ha proved optimum for straw yield. 
Dwivedi and Patel (1987) conducted a field experiment at Jhamapani 
(Nagaland) on five cultivars of linseed, namely LHCK-21, LHCK-39, LHCK-
69, LHCK-172 and Neelam, to study the effect of four levels of nitrogen, viz. 
0, 30, 60 and 90 kg N/ha along with a uniform dose of 30 kg P^O, (13.1 kg P) 
and 20 kg K,0 (16.5 kg K)/ha on yield and yield attributes of linseed. They 
reported that the application of nitrogen at 60 kg N/ha proved best for yield 
attributes, including seed yield. Regarding cultivars, Neelam, LHCK-69 and 
LHCK-39 proved superior to the other cultivars for seed production. 
Raghuwanshi et al. (1987) carried out a field experiment at Indore (M.P.). 
They study the effect of three levels of nitrogen, viz. 0, 40 and 60 kg N/ha 
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along>vith a uniform dose of 17.6 kg P and 16.8 kg K/ha on growth and yield of 
linseed cv. ILS 252. It was found that the growth and yield parameters, including 
dr>' matter and seed yield, increased significantly with increasing levels of 
nitrogen. 
Sharma and Roy (1987) conducted a field experiment at Bhagalpur 
(Bihar) on four cultivars of linseed namely, LHCK-21, LHCK-82, RAULP-2 
and T-397. They applied four levels of fertility, i.e. 0+0+0, 22.5+15 (6.5) + 15 
(12.4), 45+30 (13.1) + 30 (24.9) and 67.5 + 45 (19.6)+ 45 (37.3) kg N + ?p^ 
(?) + Kp (K)/ha. Application of 45 kg N + 13.1 kg P + 24.9 kg K/ha proved 
best for number of branches/plant, capsules/plant, seeds/capsule and 1,000 seed 
weight. However, the highest fertility level, i.e. 67.5 kg N + 19.6 kg P + 37.3 
kg K/ha enhanced seed and straw yield maximally. Cultivar LHCK-82 proved 
superior to the other varieties. 
Rafey el al. (1988) conducted a field experiment at Ranchi (Bihar) to 
study the effect of five levels of nitrogen (0, 20. 40, 60 and 80 kg N/ha) and 
three levels of phosphorus, viz. 0. 20 and 40 kg P.O^/ha (0, 8.7 and 17.5 kg P/ 
ha) on yield and yield parameters of linseed cv. T-397. Nitrogen at 40 kg N/ha 
proved best for number of primary branches, number of capsules/plant and 
seed yield but oil content was maximum in the no-nitrogen control. However, 
application of phosphorus affected capsules/plant and number of seeds/c^Dsule only. 
Tiwari et al. (1988) performed a field experiment at Powarkheda (M.P.) 
to study the effect of four levels of nitrogen, viz. 0, 30, 60 and 90 kg N/ha 
19 
along with a uniform dose of 30 kg P ^ , (13.1 kg P) and 20 kg K^O (16.6 kg 
K)/ha on yield and yield attributes of linseed cv. Jawahar 17. They reported 
that plant height, branches/plant, capsules/plant, seeds/plant and seed yield 
increased linearly with increasing doses of nitrogen. 
Awasthi et al. (1989) carried out a field experiment at Rewa (M.P.) on 
linseed cv. T 397. They studied the effect of different levels of nitrogen and 
phosphorus alone and in combination, viz. 0, 15, 30 and 45 kg N/ha and 0, 10 
and 20 kg P^O, (0, 4.4 and 8.7 kg P)/ha. They reported that individual effect of 
nitrogen and phosphorus improved branches/plant, capsules/plant and seed yield 
with each increment. For interaction effect, they reported that the highest seed 
yield as well as net return could be obtained with a combined dose of .45 kg N 
and 8.7 kg P/ha. 
Jain et al. (1989) performed a field experiment on linseed (cv. not 
mentioned) at Gwalior (M.P.) to study the effect of four levels of nitrogen (0, 
20, 40 and 60 kg N/ha) and three levels of phosphorus, viz. 0, 15 and 30 kg 
P^O. (0. 6.5 and 13.1 kg P)/ha. They reported that increasing levels of nitrogen 
increased growth and yield characters, like plant height, number of primary 
and secondary branches/plant, number of seeds/capsule, 1,000-seed weight and 
seed yield linearly. A similar trend was noted for the effect of phosphorus on a 
few characters, including plant height and seed yield. 
Khurana et al. (1989) performed a field experiment on linseed cv. T- 397 at 
Rewa (M.P.) to study the effect of four levels of nitrogen (0, 15, 30 and 45 kg 
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N/lia) and three levels of phosphorus, i.e. 0. 10 and 20 kg P^^ (0. 4.4 and 8.7 
kg P/ha). They reported that application of increasing levels of nitrogen 
increased plant height, number of branches/ plant, capsules/plant, seeds/capsule, 
test weight and seed yield. A beneficial effect of nitrogen on oil content was. 
however, noted upto 30 kg N/ha only. They also reported that application of 
phosphorus at 4.4 kg P/ha gave maximum seed yield and 8.7 kg P/ha gave 
maximum oil content. 
Mohammad (1989) performed a factorial randomised field experiment 
at Aligarh (U.P.) to study the effect of soil-applied and leaf-applied phosphorus 
on yield and quality of linseed cv.LHS-1. Three levels of basal phosphorus 
(10. 15 and 20 kg P/ha) constituted one variant and four doses of leaf-applied 
phosphorus (0. 1.2 and 3 kg P/ha), the other. In addition, 100 kg N/ha was 
applied basally at the time of sowing. The treatment affected all the parameters, 
including number of capsules/plant, seeds/capsule, hecto-litre weight, seed yield, 
oil content, oil yield and iodine value significantly. Basal application of 15 kg 
P/ha and foliar treatment of 1 kg P/ha separately as well as in combination 
proved optimum for most of the parameters. 
Thakur and Srivastava (1989) carried out a field experiment at Ranchi 
(Bihar) to study the effect of four levels of nitrogen (0,20,40 and 60 kg N/ha) 
on growth and yield of two cultivars of linseed, namely Sweta and T-397. 
They reported that seed yield increased linearly with increasing doses of 
nitrogen. However, nitrogen had depressing effect on oil content. They also 
found that cultivar Sweta proved better than T-397. 
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Pawar e( al. (1990) perfomied a field experiment at Rahuri (Maharashtra) 
on three cultivars of linseed, namely C 429, SPS 23-10 and SPS 49-2, to study 
the content and uptake of nitrogen, phosphorus and potassium and seed and 
straw yield, under five levels of nitrogen, viz. 0, 15, 30, 45 and 60 kg N/ha. 
They found that the content and uptake of nitrogen, phosphorus and potassium 
in seeds as well as seed and straw yield increased with increasing levels of 
nitrogen. It was also reported that seeds showed comparatively higher nitrogen 
content while, straw had higher phosphorus and potassium content. Cultivars 
SPS 23-10, followed by C 429, showed maximum content as well as uptake of 
nitrogen, phosphorus and potassium and produced maximum seed and biomass. 
Yadav et al. (1990) laid out a field experiment on linseed cv. Jawahar 
23 at Sehore (M.P.). They supplied four levels of nitrogen (0, 30, 60 and 90 kg 
N/ha) and three levels of phosphorus, viz. 0,15 and 30 kg P^ O^ (0, 6.5 and 13.1 
kg P)/ha. It was reported that increasing levels of nitrogen upto 60 kg N/ha 
increased yield attributing parameters, including seed yield. Further increase 
in nitrogen had no significant effect. However, application of nitrogen did not 
afFect oil content. They reported that the application of 6.5 kg P/ha proved 
optimum for seed yield. On the other hand, capsules/plant and oil content were 
increased linearly. 
Bassi and Badiyala (1992) conducted a field experiment at Malan (H.P.) 
to study the effect of three levels of nitrogen, viz. 50, 75 and 100 kg N/ha along 
with 13 kg P and 25 kg K/ha on plant height, stalk yield, fibre yield and seed 
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yield of linseed (cv. not mentioned). They reported that plant height, fibre yield 
and seed yield increased with increasing levels of nitrogen. However, for stalk 
yield, application of 75 kg N/ha proved optimum. 
Chaubey et al. (1992) laid out a field experiment at Kanpur (U.P.) to 
study the effect of graded levels of nitrogen, phosphorus and sulphur on seed 
yield, oil content and protein content of seed of linseed cv. Garima. The 
treatments consisted of three levels of nitrogen, viz. 0, 40 and 80 kg N/ha, 
three levels of phosphorus, i.e. 0, 25 and 50 kg ?fi^ (0, 11.9 and 22.8 kg P)/ha 
and three levels of sulphur (0, 30 and 60 kg S/ha). They reported that seed 
yield and protein content of seed increased with increasing levels of nitrogen. 
Regarding oil content, it was found that nitrogen decreased it, while phosphorus 
and sulphur increased it. They concluded that the significant responses of linseed 
to the applied nutrients were up to 80 kg N, 22.8 kg P and 30 kg S/ha. 
Chourasia et al. (1992a) laid down a field experiment at Tikamgarh 
(M.P.) to study the effect of nitrogen, sulphur and boron on nitrogen and sulphur 
uptake in different parts, including root, stem, leaf, capsule, seed and straw of 
linseed cv. Jawahar 23. The treatments comprised four levels of nitrogen (0, 
30, 60 and 90 kg N/ha), four levels of sulphur, viz. 0,15, 30 and 45 kg S/ha and 
two levels of boron, i.e. 0 and 1.1 kg B/ha. The data revealed that nitrogen and 
sulphur uptake in different parts of linseed was increased with increasing doses 
of nitrogen. Sulphur application up to 30 kg S/ha proved best for nitrogen 
uptake and up to 45 kg S/ha, for that of sulphur. Application of boron, however, 
proved ineffective for the uptake of both nitrogen and sulphur. 
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Chourasia et al. (1992b) conducted a field experiment at Tikamgarh 
(M.P.) on linseed cv. Jawahar 23. The treatments consisted of all combinations 
of four levels of nitrogen (0, 30, 60 and 90 kgN/ha), four levels of sulphur (0, 
15. 30 and 45 kg S/ha) and two levels of boron (0 and 1.1 kg B/ha). They 
reported that fertile capsules/plant and seeds/capsule increased with increasing 
levels of nitrogen up to 90 kg N/ha. The treatments 90 kg N/ha and 60 kg N/ha 
were equally effective for sterile capsules/plant, capsule weight, and seed wei^t/capsule. 
Patidar and Lai (1992) conducted a field experiment on three cultivars 
of linseed, namely Chambal, T-397 and RL 102-71 at Udaipur (Rajasthan) to 
study the effect of four levels of nitrogen (0.20,40 and 60 kg N/ha) along with 
a uniform basal dose of 40 kg P,0, (17.5 kg P)/ha. They found that the 
application of 40 kgN/ha was optimum for capsules/plant, seeds/capsule, test 
weight and seed yield. However, 60 kg N/ha proved maximum for straw yield. 
Nitrogen had an adverse effect on oil content. The cultivar RL 102-71 followed 
by Chambal proved best. 
Pawar et al. (1992) performed a field experiment on three cultivars of 
linseed, namely C 429, SPS 23-10 and SPS 49-2 at Rahuri (Maharashtra). They 
applied five levels of nitrogen, viz. 0, 15. 30, 45 and 60 kgN/ha. Application 
of 45 kg N/ha was reported to be optimum for most of the yield parameters, 
including seed yield. Regarding cultivars, it emerged that C 429 and SPS 23-
10 were equal in producing more seed and straw than SPS 49-2. 
Chaubey et al. (1993) conducted a field experiment at Kanpur (U.P.) to 
study the effect of four levels each of nitrogen (0, 20, 40 and 60 kg N/ha) and 
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sulphur (0, 15, 30 and 45 kg S/ha) alone or in combination on seed yield and 
nitrogen and sulphur uptake by seed and straw of linseed cv. Neelam. A unifonn 
dose of 25 kgP.O^ (]0.9kgP)/ha was also applied atthe time of sowing. They 
reported that the application of 60 kg N and 45 kg S/ha alone or in combination 
was more beneficial for seed yield. Nitrogen application significantly increased 
nitrogen and sulphur uptake by seed and straw. However sulphur, enhanced 
nitrogen uptake only. Maximum uptake of nitrogen and sulphur was recorded 
at 60 kg N and 45 kg S/ha. 
Kapoor and Singh (1993) conducted a field experiment at Palampur 
(H.P.) to study the effect of two levels of nitrogen (60 and 90 kgN/ha) and of 
its method of application on plant weight and stalk weight of linseed (cv. not 
mentioned). The method of nitrogen application included : full at sowing. 1 '2 
at sowing + 1/2 one month after sowing; 1/2 at sowing + 1/2 at flowerings 1/3 
at sowing + 1/3 after one month + 1/3 at flowering. 1/3 at sowing + 2/3 at 
flowering; 2/3 at sowing + 1/3 at flowering and 1/3 at sowing + 1/3 after one 
month and 1/3 after two months. They concluded that nitrogen rates and its 
methods of application had no significant effect on plant height and stalk weight. 
Reddaih el al. (1993) performed a field experiment on linseed cv. LH 1 
at New Delhi. They applied four levels of nitrogen, viz. 0, 40, 80 and 120 kg 
N/ha along with a uniform dose of 25 kg P and 30 kg K/ha. They reported that 
increasing levels of nitrogen up to 80 kg N/ha increased significantly most of 
the growth and yield characters, including seed and oil yield. They also noticed 
that application of nitrogen reduced the oil content of seed. 
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Singh et al. (1993) performed a field experiment on linseed (cv. not 
mentioned) at Bahraich (U.P.). They applied two levels of fertility, viz. a no-
fertiliser control and 30 kg N + 20 kg ?p^ (8.7 kg P)/ha. Application of 30 kg 
N + 8.7 kg P'lia improved plant height, number of capsules/plant, seeds/capsule 
and seed yield over the no-fertiliser control. 
Vashishta (1993) carried out a field experiment on linseed (cv. not 
mentioned) at Bulandshahr (U.P.) to study the effect of four levels of nitrogen 
(0, 40. 80 and 120 kg N/ha) and three levels of phosphorus, viz. 0, 20 and 40 
kg P^Oj (0, 8.7 and 17.5 kg P)/ha on (i) yield and yield attributes, (ii) seed 
quality and (iii) uptake of nitrogen and phosphorus. He found that increasing 
levels of nitrogen and phosphorus increased capsules/plant, seeds/capsule, seed 
yield/plant and seed yield/ha. The combination 80 kg N + 17.5 kg P/ha was 
found to be optimum. He also reported that the maximum uptake of nitrogen 
and phosphorus was by the application of the highest doses of nitrogen and 
phosphorus. Application of 80 kg N + 17.5 kg P/ha resulted in maximum uptake 
of nitrogen. Nitrogen at 40 kg N/ha proved superior to other treatments for oil 
content and iodine value. 
Vyas et al. (1993) conducted a field experiment on linseed cv. R-17 at 
Sehore (M.P.). They applied four levels of nitrogen, i.e. 0, 30, 60 and 90 kgN/ 
ha and three levels of phosphorus, viz. 0, 15 and 30kg P^ O^ (0, 6.5 and 13.1 kg 
P)/ha. It was found that the application of nitrogen up to 60 kg N/ha and 
phosphorus up to 13.1 kg P/ha increased the seed yield linearly. 
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Dixit e( al. (1994) performed a field experiment at Powarkheda (M.P.) 
to study the effect of four levels of nitrogen, viz. 0, 30, 60 and 90 kg N/ha 
along with 20 kg P^ O^ (8.7 kg P) and 20 kg Y.f> (16.6 kg K)/ha on growth and 
yield characteristics of three varieties of linseed, namely, Jawahar 23, Kiran 
and R 552. They found that maximum seed yield and net return resulted from 
the application of 90 kg N/ha. However, other characters, like plant height, 
branches/plant, number of capsules/plant, number of seeds/capsule and 1,000-
seed weight were not affected by nitrogen application. Regarding cultivars, R 
552 was found to be better performing than the other two. 
Dubey and Singh (1994) conducting a field experiment at Lakhaoti 
(U.P.) studied the effect of three levels of nitrogen, viz. 0, 50 and 100 kg N/ha 
along with a basal dose of 40 kg P^ O^ (17.5 kg P/ha) on yield and yield attributes 
of linseed cv. Neelam. They reported that capsules/plant, 1,000-seed weight, 
seed yield/plant and seed and straw yield/ha were enhanced linearly with 
successive levels of nitrogen. 
Mohammad (1994) conducting a factorial randomised field experiment 
at Aligarh (U.P.), studied the cumulative effect of leaf-applied and soil-applied 
nitrogen on yield and quality of linseed cv. LHS 1. The treatments consisted of 
four levels of soil-applied nitrogen (25, 50, 75 and 100 kg N/ha) and three 
levels of leaf-applied nitrogen (0, 10 and 20 kg N/ha). A uniform dose of 20 kg 
P/ha was given at the time of sowing. He reported that basal application of 50 
kg N/ha and foliar application of 10 kg N/ha alone proved best for most of the 
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characteristics, including seed and oil yield.It is noteworthy that the combination 
of the two out-yielded the other combinations, particularly with regard to 
economy of N fertiliser. 
Singh and Mishra (1994) conducted a field experiment at Kanpur (U.P.) 
to study the effect of three levels each of nitrogen (0, 40 and 80 kg N/ha) and 
sulphur (0,20 and 40 kg S/ha) on their uptake and on dry matter accumulation 
by two cultivars of linseed, namely Garima and Gaurav, at different stages of 
growth. A uniform dose of 60 kg P.O^ (26.2 kg P) and 60 kg K^O (49.8 kg K)/ 
ha was applied at the time of sowing. Increasing levels of nitrogen and sulphur 
increased nitrogen as well as sulphur uptake and dry matter accumulation. 
Cultivar Gaurav showed better response at all the stages of growth. 
Singh et al. (1994) performed a field experiment on three cultivars of 
linseed, namely Garima. Mukta and Shubhra under dryland conditions at 
Khandasa (U.P.). They studied the effect of four levels of nitrogen, viz. 0, 15, 
30 and 45 kg N/ha along with a uniform dose of 20 kg P^O, (8.7 kg P)/ha on 
plant height, capsules/plant, seeds/capsule, test weight and seed and straw yield. 
It was noted that application of nitrogen increased growth and yield attributes. 
Nitrogen at 30 kg N/ha proved optimum for pods/plant and seed yield. Regarding 
cultivars, it was found that Garima and Mukta (being at par) performed better 
than Shubhra as far as seed yield was concerned. 
Chaubey and Dwivedi (1995) performed a field experiment on linseed 
cv. Garima at Kanpur (U.P.). They applied three levels each of nitrogen (0, 40 
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and 80 kg N/ha), phosphorus, viz. 0, 25 and 50 kg ?p^ (0, 10.9 and 21.8 kg P/ 
ha) and sulphur (0, 30 and 60 kg S/ha) alone and in combination. Application 
of 80 kg N + 21.8 kg P/ha gave the maximum seed and straw yield. The highest 
uptake of nitrogen in seed and straw of linseed was either with 80 kg N/ha, or 
21.8 kg P/ha or 60 kg S/ha. Maximum phosphorus uptake was with higher 
levels of nitrogen, phosphorus or sulphur. Sulphur uptake was maximum wit|i 
60 kg S/ha. 
Dutta et al. (1995) carried out a field experiment at Hisar (Haryana) to 
study the effect of graded levels of nitrogen (0,20,40 and 60 kg N/ha) on yield 
and yield attributes of linseed cv. K2. They observed that application of 
increasing levels of nitrogen increased seed yield linearly. 
Dwivedi and Chaubey (1995) supplemented their findings reviewed 
above (Chaubey and Dwivedi, 1995) and reported that application of phosphorus 
at 50 kg P.Oj (21.8 kg P)/ha or of sulphur at 60 kg S/ha gave maximum oil 
content of seeds. Application of 80 kg N + 0 kg P/ha or 0 kg P + 0 kg S/ha 
resulted in maximum iodine value. 
Samui et al. (1995) conducted a field experiment at Kalyani (West 
Bengal) to study the effect of three levels of nitrogen, viz. 0,40 and 80 kg N/ha 
along with a uniform dose of 40 kg P^O, (17.5 kg P)/ha and 20 kg K^O (16.6 kg 
K)/ha on gro\\th and yield attributes of several linseed cultivars, including 
Himalini, Neela, Neelum, RLC 6, Shubhra, T-397 and Garima. They reported 
that plant height, capsules/plant, 1,000-seed weight, seed yield and oil yield 
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increased linearly with increasing doses of nitrogen. Among the cultivars. 
Neelam proved better than the others in its performance. 
Khare et al. (1996) carried out a field experiment at Sagar (M.P.) to 
study the effect of nitrogen application and row spacing on rainfed linseed cv 
R-522. The treatment consisted of four levels of nitrogen, i.e. 0, 15, 45 and 60 
kg N/ha. They reported that increasing levels of nitrogen up to 45 kg N/ha 
increased the seed yield. 
Sharma et al. (1996) conducted a field experiment at Bangalore 
(Kamataka) on two cultivars of linseed, namely DLP-21 and KL-31, with four 
levels of nitrogen, viz. 0, 40, 80 and 120 kg N/ha. They found a linear 
relationship between nitrogen application and fibre, seed and oil yield as well 
as seed protein and total nitrogen uptake. However, oil content was maximum 
at 80 kg N/ha. Regarding cultivar differences, KL-31 proved superior to DLP-21. 
Sarode et al. (1997) conducted a field experiment at Akola (Gujarat) 
on linseed cv 429 and studied various correlations to determine the relationship 
between the nitrogen and phosphorus applied and seed and oil yield etc. The 
treatments comprised four levels of nitrogen, i.e. 0, 20, 40 and 60 kg N/ha and 
three levels of phosphorus 0, 30 and 60 kg P^ O^ (0, 13.1 and 26.2 kg P)/ha. 
They reported a positive significant correlation between nitrogen levels and 
seed and oil yield, uptake of N. P, K and some other essential nutrients and a 
negative correlation with oil content. On the other hand, phosphorus fertilisation 
had a positive correlation with oil content. 
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Sharma et al. (1997) performed a field experiment at Bangalore 
(Kamataka) on two cultivars of linseed, namely DLP-21 and KL-31 under four 
levels of nitrogen, viz. 0,40, 80 and 120 kg N/ha to study the crop growth rate, 
grovvlh parameters, yield components and seed yield of linseed. They found 
that increasing levels of nitrogen enhanced crop growth rate, growth and yield 
parameters as well as seed yield. 
Sarode et al. (1998) performed a field experiment on linseed (cv not 
mentioned) at Akola (Gujarat). They applied four levels of nitrogen, i.e. 0, 20, 
40 and 60 kg N/ha and three levels of phosphorus, viz. 0, 30 and 60 kg P^O^ (0, 
13.1 and 26.2 kg P)/ha alone and in combination. They reported that increasing 
levels of nitrogen and phosphorus increased the production of seed and straw 
linearly. The uptake of nitrogen, phosphorus and potassium was also affected 
in the same manner by the crop. The hi^est uptake of nitrogen, phosphorus and 
potassium was observed at 60 kg N/ha and 13.1 kg P/ha alone and in combination. 
Singh et al. (1998) carried out a field experiment at Palampur (H.P.) to 
study the effect of two fertility' levels, viz. 90 kg N + 30 kg P + 20 kg K/ha and 
112.5 kg N + 37.5 kg P + 25 kg K/ha on the quality of fibre in the dual-purpose 
linseed cv 'Jeevan' (DLP-21). They reported that the higher fertility level 
enhanced retted stalk yield, fibre yield, fibre length and fibre content. 
2.3.6 Concluding remarks 
A perusal of the foregoing review of literature reveals that different 
cultivars of linseed responded variably to the applied nutrients under various 
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agroclimatic conditions. Moreover, not much work has been done on the new 
method of nutrient appHcation, i.e. foliar feeding,as it has proved to lead to 
better efficacy coupled with fertiliser economy in many crops. It was, therefore, 
considered justified to perform an in-depth study of the response of available 
newly released cultivars of linseed suited to local conditions to different 
combinations of soil-applied and leaf-applied nitrogen and phosphorus as 
proposed in the Introduction (pp. 4-5). 
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CHAPTER 3 
MATERIALS AND METHODS 
The field experiments on Unseed {Limim usitatissimum L.) reported 
and discussed in the present thesis were conducted during "Rabi" (winter) 
seasons of 1994-97 at the University Farm of the Aligarh Muslim University. 
Aligarh (India). 
3.1 Agro-climatic conditions 
Aligarh is one of the eighty three districts of Uttar Pradesh (Northern 
India). It is situated at 27°53"N latitude, 78°4'E longitude, and 187.45 m altitude. 
Its climate is sub-tropical, with hot dry summers and cold winters. The winter 
extends from the middle of October to the end of March. The mean temperature 
for December and January, the coldest months, is about 15°C and 13°C 
respectively. The extreme minimum record for any single day is 2°C and 0.5°C 
respectively. The summer extends from April to the end of June and the average 
temperature for May is 34.5°C and for June 34°C whereas, the extreme 
maximum, recorded are 45"C and 45.5°C respectively (Figure 1). The average 
rainfall is 847.3 mm (Figure 2). More than 85% of the total rainfall occurs 
during June to September and some 10%, in the winters. The winter rainfall is 
useful for "Rabi" crops. The meteorological data of the period of the present 
investigation were recorded at the Meteorological Observatory, Department of 
Physics, Aligarh Muslim University, Aligarh and are presented in Figure 3. 
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Aligarh district has the same soil composition and appearances as 
that found generally in plains of Western Uttar Pradesh. Different types of soil, 
such as sandy, loamy, sandy loam and clay loam are found in the district. 
3.2 Soil characteristics 
Before sowing, soil samples were collected randomly from each plot 
up to a depth of about 10-15 cm and were mixed thoroughly to get a composite 
sample. These soil samples were got analysed in the Soil Chemistry Laboratory 
of the Indian Agricultural Research Institute, New Delhi. The physico-chemical 
properties of the soil for each experiment are given in Table 1. 
3.3 Field preparation 
For preparation of the field, thorough ploughing was undertaken 
during the rainy season of each year prior to laying down the trials to turn the 
soil for maximum aeration. It was also helpful in the eradication of weeds. 
After the last ploughing at the end of the rainy season, standard agriculture 
practices required for linseed cultivation were employed. Finally 10 sq m (4x2.5 
m) plots were prepared according to the design of the experiment and irrigated 
lightly before sowing to maintain proper soil moisture content in the sub-surface 
of the soil. The basal fertiliser was broadcast according to the treatment just 
before sowing. The sowing was done in forrows 13-15 cm deep, prepared by a 
hand drawn plough at seed rate of 10 kg/ha. 
3.4 Seeds 
Authentic seeds of four newly released high yielding cultivars of 
linseed, namely Garima, Mukta, Neelam and Shubhra, recommended for local 
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cultivation were obtained from the Division of Agronomy, Indian Agricultural 
Research Institute, New Delhi. Seeds of uniform size were selected and their 
viability was tested. The seeds were surface-sterilised with ethyl alchol before 
sowing. 
The details of the five experiments are given below. 
3.5 Experiment 1 
This experiment was planned to determine the optimum basal dose 
of nitrogen for each of the four selected cultivars of linseed on the basis of 
growth and yield characteristics under local conditions. It was conducted during 
the "Rabi" season of 1994-95. In this factorial randomised field trial, five levels 
of basal nitrogen, viz. 0, 30, 60. 90 and 120 kg N/ha constituted one variant 
and linseed cultivars, namely Garima, Mukta, Neelam and Shubhra, the other. 
A uniform basal dose of 30 kg and 30 kg K/ha as recommended by the 
Agriculture Department was also applied at the time of sowing to maintain the 
fertility of soil (Table 2). Full phosphorus and potassium and half of nitrogen 
were applied at the time of sowing and the remaining half of nitrogen, 40 days 
after sowing (vegetative stage). Thus, there were five nitrogen treatments, four 
cultivars and twenty Treatment x Cultivar interactions. Each treatment was 
replicated three times (Table 2). The sources of nitrogen, phosphorus and 
potassium were commercial grade urea, monocalcium superphosphate and 
muriate of potash respectively. The seeds were sown on 10 October, 1994 by 
the usual 'behind the plough' method in each of the 10 sq m plots. The furrows 
were kept 40 cm apart and the seed to seed distance was maintained at 15 cm. 
Table 2. Summary of treatments in Experiment 1 (1994-95) 
Treatments(T) 
(kg P/ha) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
No 
N 
N 
N 
N 
30 
60 
90 
120 
N.B. : A uniform basal dose of phosphorus and potassium each at the rate of 30 kg/ha 
was applied at the time of sowing. 
Treatments 
Cultivars 
Treatmentxcultivar interactions 
Replicates 
Design 
5 
4 
20 
3 
Factorial randomised 
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Thus, a total number of 170 plants was maintained in each 10 sq m plot by 
manual thinning at the first weeding. The field was irrigated as and when 
required. Weeding was undertaken twice. In addition, the usual plant protection 
measures were also employed. Harvesting was undertaken on 19 March, 1995. 
3.6 Experiment 2 
This experiment was conducted during the next "Rabi" season 
(1995-96). The aim of this experiment was to establish the optimum 
requirement of phosphorus in the presence of the optimum dose of 
nitrogen (determined in Experiment 1) for each of the same four cultivars 
of linseed, viz. Garima, Mukta. Neelam and Shubhra, under local 
conditions. 
Five levels of phosphorus. \'iz. 0, 15, 30, 45 and 60 kg P/ha, were 
applied at the time of sowing. These comprised one factor and the cultivars. 
the other. A uniform basal dose of 90 kg N and 30 kg K/ha was also applied 
(Table 3). Half of the nitrogen and full phosphorus and potassium were applied 
at the time of sowing and the remaining half of nitrogen, 40 days after sowing 
(vegetative stage). The experiment was conducted according to a factorial 
randomised block design. The crop was sown on 17 October, 1995. There 
were in all five phosphorus treatments, four cultivars and twenty 
Treatment x Cultivar interactions. Each treatment was replicated three times. 
Other cultural practices and the sources of various nutrients were the same as 
in Experiment 1. The crop was harvested on 26 March, 1996. 
Table 3. Summar\' of treatments in Experiment 2 (1995-96) 
Treatments 
(kg/lia) 
Cultivars 
Garima Mukta Neelam Shubhra 
15 
3(1 
N.B. : A uniform basal dose of 90 kg N and 30 kg ICTia was applied at the time of 
sowine. 
Treatments 
Cultivars 
Treatment x Cultivar interactions 
Replicates 
Design 
5 
4 
20 
3 
Factorial randomised 
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3.7 Experiment 3 
This field experiment was based on the findings of Experiment 1 
and was conducted concurrently with Experiment 2. The aim of this experiment 
was to determine if nitrogen economy could be effected by observing the efficacy 
of low doses of supplemental nitrogen spray applied to the foliage of each 
culti\ar grown with a sub-optimal basal (B) dose of nitrogen. The four cultivars 
were grown with 60 kg N/ha whereas the optimum determined earlier was 90 
kg N,1ia. The supplemental foliar nitrogen treatments (F) were 10, 20 and 30 
kg N/ha. The two controls comprised treatments wherein each cultivar received 
either (i) the optimum basal dose of nitrogen (90 kg N/ha), as determined in 
Experiment 1 or (ii) the selected sub-optimal dose 60 kg N/ha and both were 
sprayed with deionised water instead of the nitrogen containing spray. The 
nutrient treatments were designated as (i) BJ^ ^Q + F^„ (ii) B^^Q + F^, (iii) Bj^ ^^  
+ Fj^ ,jQ. (iv) Bj^ o^ + F^jo^""^ (^ ') ^N60 ^  f^ N30- ^ uniform basal dose of 30 kg P 
(as determined in Experiment 2) and 30 kg K/ha was also applied at the time of 
sowing (Table 4). Half of the basal nitrogen and fijll phosphorus and potassium 
were applied at the time of sowing and the remaining half of nitrogen, 40 days 
after sowing (vegetative stage). The spray treatments were given in two equal 
splits, i.e. half 70 days after sowing (flowering stage) and the remaining half, 
90 days after sowing (fruiting stage). Thus, there were five (basal + foliar 
nitrogen) treatments, four linseed cultivars and twenty Treatment x Cultivar 
interactions. Each combination treatment was replicated three times. The design 
of the experiment was factorial. The sources of the nutrients and other cultural 
practices were the same as in Experiment 1. The crop was sown on 19 October, 
1995 and, harvested on 30 March. 1996. 
Table 4. Summary of treatments in Experiment 3 (1995-96) 
Treatments 
(kg^a) 
Garima 
Cultivars 
Mukta Neelam Shubhra 
B +F 
(Control 1) 
B +F 
N60 V. 
(Control 2) 
B +F 
N60 M O 
B +F 
N6() N:O 
B +F 
N.B. : A uniform basal dose of phosphorus and potassium each at the rate of 30 kg/ha 
was applied at the time of sowing. 
Treatments 
Cultivars 
Treatment x Cultivar combinations 
Replicates 
Design 
5 
4 
20 
3 
Factorial randomised 
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3.8 Experiment 4 
This experiment was conducted next year during "Rabi" season of 
] 996-97 and was planned on the basis of the data of Experiment 2 with an aim 
to determine if phosphorus economy were possible by studying the efficacy of 
supplemental foliar application of three low levels of phosphorus to the four 
cultivars of linseed each grown with a sub-optimal basal dose of phosphorus 
(20 kg P/ha). These were spra\ed with two levels of phosphorus, viz. 2 and 4 
kg P/ha. For comparison, two controls grown with (i) 30 kg P/ha (the optimum 
basal dose of phosphorus as determined in Experiment 2) and (ii) 20 kg P/ha. 
the selected sub-optimal dose were sprayed with deionised water only. The 
nutrient treatments were designated as (i) BpjQ + F^, (ii) Bp2Q + F^, (iii) Bp2Q + 
FpT and (iv) Bp-,Q + Fp .^ A unifomi basal dose of 90 kg N and 30 kg K/ha was 
also applied at the time of sowing (Table 5). Full phosphorus and potassium 
and half nitrogen were applied at the time of sowing and the remaining half of 
nitrogen was given 40 days after sowing, coinciding with the vegetative stage 
of the crop. The leaf-applied phosphorus was sprayed in two equal splits, i.e. 
half at 70 days (flowering stage) and the remaining half at 90 days (ftTjiting 
stage). The sources of soil-applied nutrients were the same as in Experiment 1. 
The leaf-applied phosphorus was given as laboratory grade sodium dihydrogen 
orthophosphate (SDP). Thus, there were four (basal + foliar) phosphorus 
treatments, four cultivars and sixteen Treatment x Cultivar interactions. Each 
treatment was replicated three times. The design of the experiment was factorial 
randomised. The other cultural practices were the same as in Experiment 1. 
The crop was sown on 10 October. 1996 and, harvested on 21 March, 1997. 
Table 5. Summary of treatments in Experiment 4 (1996-97) 
Treatments 
(kg/ha) 
Garima 
Cultivars 
Mukta Neelam Shubhra 
B +F 
P30 W 
(Control 1) 
B +F 
P:O « 
(Control 2) 
B +F 
P20 P : 
B +F 
P:U P4 
N.B. : A uniform basal dose of 90 kg N and 30 kg K/ha was applied at the time of 
sowing. 
Treatments 
Cultivars 
Treatment x Cultivar interactions 
Replicates 
Design 
4 
4 
16 
3 
Factorial randomised 
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3.9 Experiment 5 
This last field experiment was based on the data of Experiments 2 
and 3 and was conducted simultaneously with Experiment 4 during 1996-97. 
The aim of the experiment was to investigate if the yield performance of the 
four linseed cultivars could be augmented further together with economy of 
fertiliser. The crop was grown with sub-optimal basal doses of nitrogen and 
phosphorus (as in Experiments 3 and 4), supplemented with foliar application 
of these two nutrients in combination. The comparative efficacy of two sources 
of leaf-applied phosphorus was also tested. The same four cultivars of linseed 
(Garima, Mukta, Neelam and Shubhra) as in Experiments 1-4 were grown 
with sub-optimal basal doses (B) of nitrogen and phosphorus, viz. 60 kg N + 
20 kg P/ha (BJ^^QP^Q). The supplemental foliar treatments (F) included the water-
treated control (F^), 10 kg N + 2 kg P/ha (Fj^ ,oP2) and 10 kg N + 4 kg P/ha 
(^ Ni0P4^ - ^" spray treatments, the source of phosphorus was laboratory grade 
sodium dihydrogen orthophosphate (SDP) as in Experiment 4. Being costly, 
the effect of SDP was tested against that of the inexpensive commercial grade 
doammonium phosphate (DAP) that contains nitrogen also. As in Experiment 
4, an additional control, wherein 90 kg N + 30 kg P/ha (BJ^^QPJQ), the optimal 
basal dose determined in Experiment 2, was sprayed with deionised water only. 
Thus, as shown in Table 6, the nutrient treatments were designated as (i) 
BN90P30 + Fw (Control 1), (u) %^p20 + F^. (Control 2), (iii) B^^p^^ + F^^opj^^^^^. 
( ' ^ ' B>^ ,(,QP2o + FN10P4(SDP)- ( ^ ' "N60P20 "^  ^N10P2(DAP) ^ '^-^ "N60P20 "*" ^N10P4(DAP)-
A uniform basal dose of 30 kg K/ha was applied at the time of sowing. Half of 
Table 6. Summary of treatments in Experiment 5 (1996-97) 
Treatments 
(kelia) 
Garima 
Cultivars 
Mukta Neelam Shubhra 
B + F 
N90P30 « 
B +F 
N60P2n u 
R + F 
N60P20 NI0P2(SDP) 
R + F 
N60P20 N10P4(SDP) 
B +F 
N60P2(i M0P2{DAP) 
B + F 
N60P20 M()P4(D. ()P4(DAP) 
SDP = Sodium dihydrogen orthophosphate: DAP = Diammonium phosphate 
N.B. : A uniform dose of 30 kg KTia was applied at the time of sowing. 
Treatments 
Cultivars 
Treatment x Cultivar interactions 
Replicates 
Design 
6 
4 
24 
3 
Factorial randomised 
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the basal nitrogen and the full phosphorus dose were applied at sowing and the 
remaining half of the soil-applied nitrogen was given 40 days after sowing. 
Sources of soil-applied nutrients were the same as in Experiment 1. Leaf-applied 
nitrogen was given as urea. However, the amount of nitrogen in diammonium 
phosphate in the relevant treatment was taken into account and urea nitrogen 
adjusted accordingly. The leaf-applied nutrients were given in two equal splits 
as in Experiments 3 and 4. Thus, there were six basal + foliar nutrient treatments, 
four cultivars and twenty four combinations. Each treatment was replicated 
three times. The design of the experiment was factorial randomised. All cultural 
practices were the same as in Experiment 1. The crop was sown on 12 October, 
1996 and, harvested on 28 March, 1997. 
3.10 Sampling techniques 
The performance of the crop was assessed on the basis of the following 
growth parameters, enzyme activities, NPK content of leaves and yield and oil 
quality characteristics : 
3.10.1 Growth parameters 
To study the growth behaviour of the crop, five plants were taken 
randomly from each plot at 50, 75 and 100 days after sowing (DAS). The 
following parameters were studied : 
1. Shoot length per plant 
2. Leaf area per plant 
3. Leaf area index (LAI) 
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4. Fresh weight per plant 
5. Dry weight per plant 
6. Crop growth rate (CGR) 
7. Net assimilation rate (>JAR) 
8. Relative growth rate (RGR) 
3.10.1.1 Computation of some growth parameters 
In addition to simple measurements, some of the above growth > 
characteristics were computed as explained below. 
3.10.1.2 Leaf area index 
Leaf area index was determined by the following formula suggested 
by Watson (1958): 
Leaf area 
LAI= 
Ground area 
The leaf area of linseed was calculated by gravimetric method. The 
area of twenty leaves of each plant of the sample (consisting of five plants) 
was determined with the help of graph paper. Then, the dry weight of these 
twenty leaves was obtained as also the total dr>' weight of the leaves of each 
plant of the sample. 
3.10.1.3 Crop growth rate 
The crop growth rate is defined as the gain in weight of a community 
of plants on a unit of land in a unit of time. 
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The calculation of the crop growth rate was based on the following 
formula suggested by "Watson (1952): 
dw 1 
CGR = — X — g/m^ (land area)/day 
dt p 
where 
dw^  = difference in dry weight at given time 
dt = time interval 
p = land area 
3.10.1.4 Net assimilation rate 
Net assimilation rate is defined as the increase in dry weight per unit 
leaf area per unit time. It was determined by formula given by Milthorpe and 
Moorby(1979): 
Wj-Wj (lnL2-lnL,) 
NAR = X g/m^ (leaf area)/day 
tj-t, ^ ' L ] 
W^-W, 2.303 (log.oL^-log.oL,, 
i.e. NAR = — X g/m^ (leaf area)/day 
where. 
W, = dry weight/plant at I growth stage 
L, = Leaf area/plant at I growth stage 
tj = days to sampling to I growth stage 
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WT = dry weight/plant at II growth stage 
Lj = Leaf area/plant at II growth stage 
t, = days to sampHng to II growth stage 
hi = logarithm to base e 
log = logarithm to base 10 
3.10.1.5 Relative growth rate 
Relative growth rate is defined as the dry weight increase in a time 
interval in relation to the initial weight. It is calculated by the following formula 
given by Radford (1967) : 
In W2 - In W^ 
RGR = mg/g/day 
2.303 (logjo W, - logjo Wj) 
i.e. RGR = mg/g/day 
t . - t , 
where. 
W, = dry weight of plant at I growth stage 
t, = days to sampling at 1 growth stage 
W-, = dry weight of plant at II growth stage 
t2 = days to sampling at II growth stage 
In = logarithm to base e 
log = logarithm to base 10 
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3.10.2 Enzyme activities 
Two enzymes, namely carbonic anhydrase and nitrate reductase, were 
assayed in fresh leaves collected from each plot at 50, 75 and 100 days after 
sowing. 
3.10.2.1 Estimation of carbonic anhydrase activity 
The enzyme carbonic anhydrase catalyses the reversible hydration 
of carbon dioxide (CO2) to give the bicarbonate ion (HCO'j) 
carbonic anhydrase 
H2O + CO2 ^ H^ + HCO-3 
This enzyme activity was estimated by adopting the method of 
Dwivedi and Randhawa (1974). 
Leaves were sampled from each plot randomly and cut into small 
pieces (1 cm-) at temperature below 25°C. After mixing them, 200 mg leaf 
pieces were weighed and cut further into smaller pieces (2-3 mm length) keeping 
them in 10 ml 0.2 M aqueous cystein solution (Appendix) in a Petridish at 0 to 
4°C. The solution adhering at the cut surfaces was then removed with the help 
of blotting paper. This was followed by transfer immediately to a test tube 
having 4 ml phosphate buffer pH 6.8 (Appendix). To this, 4 ml 0.2 M sodium 
bicarbonate (NaHCOj) in 0.02 M sodium hydroxide (NaOH) solution and 0.2 
ml 0.002% bromothymol blue indicator (Appendix) were added. After shaking, 
the tube was kept at 0-4°C for 20 minutes. 
COT liberated during catalytic action of enzyme on NaHCOj was 
estimated by titrating the reaction mixture against 0.05 N hydrochloric acid 
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(Appendix), using methyl red as an internal indicator. A control, without leaf 
pieces, was also titrated against 0.05 N hydrochloric acid. The difference of 
sample reading and control reading was noted for Hirther calculation of enzyme activit)'. 
The activit>' of the enzyme was expressed in \x mol COj/kg leaf fresh matter/s. 
3.10.2.2 Determination of nitrate reductase activity (NRA) 
The enzyme nitrate reductase catalyses the reduction of nitrate to 
nitrite. 
nitrate reductase 
NO3 +NADH + H^ > NO2 +NAD + H2O 
The enzyme activity was estimated by the intact tissue method of 
Jaworksi (1971), which is based on the reduction of nitrate to nitrite, and the 
nitrite formed was determined colorimetrically, 
200 mg pieces of fresh leaves were weighed and transferred to a 
polythene vial. To each vial, 2.5 ml phosphate buffer, having pH 7.5 and 0.5 ml 
0.2 M potassium nitrate solution, was added, followed by the addition of 2.5 
ml of 5% isopropanol (Appendix). Finally, two drops of chloramphenicol 
solution were added to check bacterial growth in the medium. Each vial was 
incubated for two hours in the dark at 30°C. 
3.10.2.2.1 Development of colour 
0.4 ml incubated mixture was taken in a test tube to which 0.3 ml 
each of 1% sulphanilamide and 0.02% naphthylethylenediamine 
dihydrochloride (NED-HCl) was added (Appendix). The test tube was kept for 
20 minutes for colour development. The mixture was diluted to 5 ml by adding 
45 
sufficient amount of double distilled water (DDW). The per cent transmittance 
was read at 540 nm, using a blank, on a Bausch and Lomb "Spectronic 20'" 
colorimeter. 
3.10.2.2.2 Standard curve for NRA 
30 mg sodium nitrite (NaN02) was dissolved in 100 ml DDW. From 
this solution, 0.8 ml was taken and again diluted to 100 ml with the help of 
DDW. From this diluted solution ten aliquots, viz. 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 
1.4, 1.6, 1.8 and 2.0 ml were taken in separate test tubes. To each of these, 0.3 
ml each of 1% sulphanilamide and 0.02% NED-HCl was added. The solution 
was diluted to 5 ml with DDW and per cent transmittance was read at 540 nm, 
using a blank, with the help of a Bausch and Lomb "Spectronic 20" colorimeter. 
After converting per cent transmittance into optical density (OD), a standard 
curve was plotted, using the selected concentrations of pure sodium nitrite 
versus OD. 
3.10.2.2.3 Estimation of NRA 
The optical density of the sample was compared with a calibrated 
cur\'e and NRA was expressed as \x mol NOyg fresh leaf tissue/h. 
3.10.3 NPK content of leaves 
Nitrogen, phosphorus and potassium were estimated at the same three 
stages as selected for growth parameters (page ) in dried leaf powder obtained 
from each plot. 
46 
3.10.3.1 Estimation of nitrogen, phosphorus and potassium 
For the estimation of these nutrients the leaf powder was first digested 
according to standard technique described below. 
3.10.3.1.1 Digestion of leaf powder 
100 mg oven-dried powder of leaf material was transferred to a 50 
ml Kjeldahl flask to which 2 ml sulphuric acid was added. The flask was heated 
on a temperature-controlled assembly for about two hours to allow complete 
reduction of nitrate present in the plant material by the organic matter itself As 
a result, the content of the flask turned black. After cooling the flask for about 
15 minutes, 0.5 ml 30% hydrogen peroxide (H2O2) was added drop by drop 
and the solution was heated again till the colour of the solution changed from 
black to light yellow. Again, after cooling for about 30 minutes, 3 to 4 drops 
more of 30% HjOj were added, followed by heating for another 15 minutes. 
The addition of 30% H2O2 followed by heating, was repeated until the contents 
of the flask became colourless. The peroxide digested material was transferred 
from the Kjeldahl flask to a 100 ml volumetric flask with three washings each 
with 5 ml of DDW. The volume of the volumetric flask was then made up to 
the mark with DDW. 
3.10.3.1.2 Estimation of nitrogen 
Nitrogen was estimated according to the method of Lindner (1944). 
A 10 ml aliquot of the digested material was taken in a 50 ml volumetric flask. 
To this. 2 ml 2.5 N sodium hydroxide and 1 ml 10% sodium silicate solutions 
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were added to neutralise the excess of acid and to prevent turbidity respectively. 
The volume of the solution was made up to the mark with DDW. In a 10 ml 
graduated test tube, 5 ml aliquot of this solution was taken and 0.5 ml Nessler's 
reagent (Appendix) was added. The contents of the test tube were allowed to 
stand for 5 minutes for maximum colour development. The solution was 
transferred to a colorimetric tube and the per cent transmittance was read at 
525 nm, using a blank, on a Bausch and Lomb "Spectronic 20" colorimeter. 
The reading of each sample was compared with a standard calibration curve 
and nitrogen was expressed in terms of percentage on dry weight basis. 
3.10.3.1.2.1 Standard curve for nitrogen 
50 mg ammonium sulphate was dissolved in 1 litre DDW. From this 
solution, 0.1. 0.2, 0.3, 0.4. 0.5. 0.6. 0.7, 0.8, 0.9 and 1.0 ml were pipetted into 
ten test tubes separately. The solution in each test tube was diluted to 5 ml with 
DDW. In each test tube, 0.5 ml Nessler's reagent was added. After 5 minutes, 
the per cent transmittance was read at 525 nm, using a blank, on a Bausch and 
Lomb "Spectronic 20" colorimeter Standard curve was plotted using different 
concentration of ammonium sulphate solution versus OD. 
3.10.3.1.3 Estimation of phosphorus 
The method of Fiske and Subba Row (1925) was used to estimate 
the total phosphorus in the digested material. A 5 ml aliquot was taken in a 10 
ml graduated test tube and 1 ml molybdic acid was added carefully, followed 
by addition of 0.4 ml l-amvno-2-naphthol-4-sulphonic acid (Appendix). When 
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the colour turned blue, the volume was made upto 10 ml with the addition of 
DDW. The solution was shaken for 5 minutes and was then transferred to a 
colorimetric tube. The per cent transmittance was read at 620 nm, using a 
blank, on a Bausch and Lomb "Spectronic 20" colorimeter. 
3.10.3.1.3.1 Standard curve for phosphorus 
351 mg pure potassium dihydrogen orthophosphate was dissolved 
in sufficient DDW to which 10 ml ION sulphuric acid was added and the fmal 
volume was made upto 1 litre with DDW. From this solution, 0.1, 0.2, 0.3, 0.4, 
0.5,0.6,0.7,0.8,0.9 and 1.0 ml aliquots were taken in ten test tubes separately. 
The solution in each test tube was diluted to 10 ml with DDW. In each tube, 1 
ml molybdic acid and 0.4 ml 1 -amino-2-naphthol-4-sulphonic acid were added. 
After 5 minutes, the per cent transmittance was read at 620 nm on a "Spectronic 
20" colorimeter. A blank was also run simultaneously. TTie standard curve was 
plotted using diflferent dilutions of potassium dihydrogen orthophosphate versus OD. 
3.10.3.1.4 Estimation of potassium 
Potassium was estimated with the help of a flame photometer. After 
adjusting the filter for potassium in the photometer, 10 ml peroxide-digested 
material was run. A blank was also run side by side. 
3.10.3.1.4.1 Standard curve for potassium 
1.91 g potassium chloride was dissolved in 100 ml DDW. Of this 
solution, 1 ml was diluted to 1 litre. The resulting solution was of 10 ppm 
potassium. From this 10 ppm stock solution, 10 ml each of 1,2, 3, 4, 5, 6, 7, 8, 
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9 and 10 ppm K was prepared in ten vials separately, adding DDW for proper 
dilution where required. The solution of each vial was run separately, using a 
flame photometer. A blank was also run with each set of determination. A 
standard curve uas prepared, using different dilutions of potassium chloride 
solution versus the reading on the scale of the galvanometer. 
3.10.4 Yield characterisfics 
To assess the yield performance of the crop, five plants from each 
plot were taken randomly at harvest. For the total weight of seeds, each plot 
was harvested separately. The harvested crop was sun-dried in a nethouse to 
prevent losses. After drying the crop, each sample was threshed individually. 
The seeds were utilised for assessing the other characteristics. The following 
yield characteristics were studied : 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Fibre content per plant 
Capsules per plant 
Seeds per capsule 
1,000-seed weight 
Seed yield 
Biological yield 
Harvest index 
8. Oil content of seeds 
9. Oil yield 
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3.10.4.1 Extraction of fibre 
Fibre was extracted by water retting process. Five plants were taken 
from each plot and tied to make a bundle. Bundles were labelled with pieces of 
aluminium foil or wax-coated paper and dipped into a fresh water tank for 10-
15 days for complete degradation of cell \\ all material due to microbial action. 
After complete retting, the fibre was separated from woody material by means 
of an operation known as scutching. The fibre obtained by this process was 
rough and crude but simple treatments, such as washing in hot water, rendered 
it soft. 
3.10.4.2 Harvest Index 
The proportion of biological yield represented by economic yield is 
called the harvest index. Harvest index was calculated according to the following 
formula : 
Economic yield 
Harvest index = x 100 
Biological yield 
3.10.4.3 Determination of oil content of seeds 
This is an important parameter for oilseed researchers. The simple 
procedure adopted for assessing the oil content of seeds is described below. 
3.10.4.3.1 Preparation of seed sample for analysis 
First, the impurities smaller than the seeds were separated with the 
help of a sieve having a pore size smaller than the diameter of seeds. Then, the 
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impurities larger than the seeds were removed, using a sieve with pore size just 
larger than the seeds. 
3.10.4.3.2 Grinding of seed sample 
In order to get the powder of seeds, grinding was done in an electrical 
grinder until the formation of a fine meal. 
3.10.4.3.3 Extraction of oil 
25 g ground seeds were taken and transferred to the flask of a Soxhlet 
apparatus to which sufficient quantity of pure petroleum ether was added. The 
apparatus was kept on a water bath, running at 60°C, for about six hours. At 
the end of the extraction process, the petroleum extract of seeds was left in the 
air to evaporate the petroleum ether from it. The oil left after the evaporation of 
petroleum ether was weighed and expressed as percentage of the mass of the 
seeds. The percentage of oil was calculated by the following formula . 
mx 100 
Percentage of oil = 
where, 
m is the mass of oil in grams, 
m^ is the mass of seed sample in grams. 
3.10.4.4 Determination of oil yield 
The oil yield was computed on the basis of oil percentage and seed 
vield. 
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3.10.4.5 Quality characteristics of the oil 
The quality of oil was assessed in terms of (i) iodine value that 
represented the extent of unsaturation and (ii) fatty acid composition of oil. 
3.10.4.5.1 Determination of iodine value 
Iodine value of an oil is the number of gram of iodine absorbed by 
100 g of oil and expressed as the weight of iodine. It was determined by using 
iodine monochloride method described below. 
2 g oil was weighed and taken in a dry ground neck flask to which 10 
ml carbon tetrachloride and 20 ml iodine monochloride solution were added. 
The flask was stoppered and was allowed to stand in the dark for about 30 
minutes. After 30 minutes, 15 ml potassium iodide solution and 100 ml DDW 
were poured into it with proper shaking. Titration was carried out with 0.1 N 
sodium thiosulphate solution, using starch solution as an indicator. Number of 
ml 'a' of sodium thiosulphate solution used was noted. Similar operation was 
done without oil and number of ml 'b' of 0.1 N sodium thiosulphate solution was 
noted. Iodine value was calculated by the following formula (Anonymous, 1970). 
(b-a)x 0.01269 X 100 
Iodine value = 
w 
Here, a and b are the number of ml of 0.1 N sodium thiosulphate 
solution used in sample and blank titration respectively and 'w' is the weight 
of oil in grams. 
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3.10.4.5.2 Determination of fatty acid composition 
The following method was employed to determine the fatty acid 
composition of the oil . 
3.10.4.5.2.1 Preparation of methyl ester 
8.0 ml mixture of methanol, benzene and sulphuric acid (84:10:4 v/ 
v/v) was transferred to a screw capped 15x125 mm Corning glass tube, 
containing 500 mg oil sample and refluxed at 80°C on a glycerine bath for 3 h. 
After completion of the reaction period, excess of DDW was added to each 
tube and methyl ester was extracted with hexane (3x5 ml). The supernatant 
organic layer was washed three times with water. The hexane was evaporated 
under a stream of nitrogen in a glycerine bath at 40°C. The methyl esters of oil 
samples were again dried in a similar manner by adding 3 ml azerotropic mixture 
(chloroform, benzene and methanol. 1:1:1 v/v/v) in order to remove moisture. 
After completion of the drying process, 0.2 ml hexane was added again to each 
tube and flushed with nitrogen, immediately capped and kept at low temperature 
for chromatographic analysis (Chalvardjian, 1964). 
3.10.4.5.2.2 Gas liquid chromatography 
The qualitative and quantitative analysis of fatty acids in the oil was 
carried out by using Nucon 5700 gas chromatograph equipped with flame 
ionisation detector using 10% silar (5 C.P., 80/100 gas chrom Q) glass column 
of 672x2 mm. The qualitative examination was accomplished by spiking the 
retention time with authentic reference standard (pure methyl esters of fatty 
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acids and methyl esters of total seed lipids of groundnut). The peak areas were 
calculated by triangulation method. 
3.11 Statistical analysis 
All experimental data were statistically analysed by adopting the 
analysis of variance technique, according to Gomez and Gomez (1984). In 
applying the F test, the error due to replicates was also determined. When f 
value was found to be significant at 5% level of probability, critical difference 
(CD.) was calculated. The models of analysis of variance (ANOVA) are given 
in Table 7. 
Table 7. Models of analysis of variance (ANOVA) of Experiments 1-5 
Source of D.F. S.S. M.S.S. 
variation 
Experiments 1-3 (Factorial randomised block design) 
Replicates 2 
Fertiliser treatment (T) 4 
Cutivars (Cv) 3 
TxCv 12 
Error 38 
Total 59 
Experiment 4 (Factorial randomised block design) 
Replicates 2 
Fertiliser treatment (T) 3 
Cutivars (Cv) 3 
TxCv 9 
Error 30 
Total 47 
Experiment 5 (Factorial randomised block design) 
Replicates 2 
Fertiliser treatment (T) 5 
Cutivars (Cv) 3 
TxCv 15 
Error 46 
Total 71 
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CHAPTER 4 
EXPERIMENTAL RESULTS 
As detailed in the preceding chapter, five field experiments were 
undertaken on four cultivars (Garima. Mukta. Neelam and Shubhra) of linseed 
{Linum usitatissimum L.) according to factorial randomised block design. The 
important results of these experiments are described briefly in this chapter 
(Tables 8-88). 
4.1 Experiments 1 and 2 
These field trials were planned to determine the optimum basal doses of 
nitrogen and phosphorus respectis ely for each of the four high yielding cultivars 
of linseed released recenth for local cultivation. The results are considered 
below. 
4,LI Experiment 1 
In this experiment, the effect of five levels of basally applied nitrogen (0, 
30. 60. 90 and 120 kg N/lia) was studied on the performance of four cultivars 
of linseed. The data (Tables 8-31) revealed that 90 kg N/ha was best for the 
crop. Neelam (as well as Shubhra) proved best for many parameters studied. 
Next came Garima and Mukta. being equal in performance. When significant. 
the best interaction was N^Q X Neelam (at par with N^^  x Shubhra). 
4.LLLGrowth parameters 
A brief resume' of each of the eight growth characteristics, (particularly 
where the data were found statistically significant) is given below. 
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4.1.1.1.1 Shoot length per plant 
The effect of nitrogen treatments on plant height at all stages of sampling 
(50. 75 and 100 DAS) and cultivar differences at the first two stages (50 and 75 
DAS) were found significant. Interaction effects of treatments with cultivai's 
were non-significant at all stages (Table 8). 
Application of 60. 90 and 120 kg N/ha was equally effective at all stages 
of sampling. Application of 90 kg N/ha increased the height by 24.14, 47.06 
and 26.80% at 50, 75 and 100 DAS respectively over 0 kg N/ha (control) that 
gave the lowest values. 
Among cultivars, Neelam produced taller plants at 50 DAS than the others 
which were at par among themselves. However, at 75 DAS, cultivars Neelam, 
Shubhra and Mukta. having parity among them, proved superior to Garima 
which, on the other hand, was at par with Mukta. Cultivar Neelam had 18.70% 
and 16.81% taller plants at 50 and 75 DAS respectively over Garima. 
4.1.1.1.2 Leaf area per plant 
The effect of treatments on leaf area per plant as well as cultivar differences 
were significant at each stage. However. Treatment x Cultivar interactions at 
all the stages were non-significant (Table 9). 
Increasing doses of nitrogen up to 60 kg N/ha at 50 DAS and up to 90 kg 
N/ha at the latter two stages increased leaf area per plant significantly. 
Application of nitrogen at 60, 90 and 120 kg N/ha at 50 DAS and at the latter 
Tabic 8 ITTccl of graded ]c\els ofbasallx applied N on shoot length per plant (cm) of 
four culti\ars of linseed at three stages of growth (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
B^ „ 
^ N M , 
B.., 
BNQ„ 
B^,:. 
Mean 
CD at 5% 
Garima 
25.10 
28.24 
31.90 
34.46 
30.31 
30.00 
T-4.08 
Mukta 
Cultivars (Cv) 
Neelam 
50 DAS 
25.41 
26.11 
29.36 
33.80 
32.31 
29.40 
31.24 
34.39 
36.67 
38.30 
37.44 
35.61 
Cv = 3.65 
Shubhra 
28.61 
30.34 
32.29 
30.45 
31.40 
30.60 
Mean 
27.59 
29.77 
32.48 
34.25 
32.87 
TxCv = NS 
75 DAS 
NO 
N30 
N6(i 
B 
B 
B 
BN90 
B N , 2 0 
Mean 
CD at 5% 
41.54 
49.31 
58.14 
62.30 
61.41 
54.54 
T = = 6.07 
43.26 
51.31 
68.87 
63.76 
65.24 
58.49 
48.21 
52.10 
65.43 
74.41 
78.39 
63.71 
Cv = 5.43 
51.25 
58.19 
63.39 
70.54 
73.26 
63.33 
TxCv 
46.07 
52.73 
63.93 
67.75 
69.57 
= NS 
100 DAS 
K. 
BN30 
N60 
BN.. 
BM:O 
Mean 
CD at 5% 
68.61 
76.39 
85.30 
90.24 
89.79 
82.07 
T = 8.04 
72.23 
78.63 
84.60 
87.39 
91.67 
82.90 
76.25 
80.18 
85.27 
97.33 
101.40 
88.09 
Cv = NS 
71.21 
82.28 
84.14 
90.63 
93.80 
84.41 
TxCv 
72.08 
79.37 
84.83 
91.40 
91.67 
= NS 
N.B. : A uniform basal dose of 30 kg P and 30 kg KTia was applied at sowing. 
B stands for basal fertiliser. DAS, for days after sowing and NS. for non-significant 
data. 
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two rates at 75 and 100 DAS, being at par, gave higher values than the remaining 
treatments. Nitrogen at 90 kg N/ha produced 38.85, 46.16 and 36.44% larger 
leaves at 50. 75 and 100 DAS respectively than the control. 
Cultivars Neelam and Shubhra at 50 and 100 DAS were at par and gave 
higher \'alues than the rest. However, the performance of these two cultivars 
was found significantly different at 75 DAS. Neelam produced 13.13, 14.11 
and 19.09% more leaf area than Garima that gave the lowest values like Mukta 
at the three stages. 
4.1.1.1.3 Leaf area index 
The effect of treatments on LAI and cultivar differences at the three stages 
were significant. However, interaction effect of treatments with cultivars was 
non-significant (Table 10). 
Increasing levels of nitrogen up to 90 kg N/ha increased leaf area index at 
75 and 100 DAS. However, increase in the index was recorded up to 60 kg N/ 
ha on!} at 50 DAS. Application of more than 90 kg N/^a proved wasteful. 
Nitrogen at 90 kg N/ha increased the index by 41.15. 48.84 and 36.37% at 50. 
75 and 100 D.AS respectively over the control that gave the lowest value. 
Culti\ars Neelam and Shubhra. having parity, surpassed the other tuo 
cultixars. Garima and Mukta that were also at par. Cultivar Neelam gave 13.43. 
14.14 and 18.64% higher value at 50,75 and 100 DAS respectively than Garima. 
1 able 9 Ffi'ect of graded levels of basalK applied N on leaf area per plant (cm-') of four 
cultivars of linseed at three stages of growth (Mean of three replicates) 
Treatments (T) 
(kg/lia) 
BKO 
^rsK 
\ w 
Bx. 
Bs,:. 
Mean 
CD at 5% 
Garima 
118.31 
141.21 
165.49 
176.10 
171.13 
154.45 
T = 8.58 
Cultivars (Cv) 
Miikta Neelam 
123.56 
141.19 
169.54 
173.50 
183.39 
158.24 
50 DAS 
141.61 
171.41 
194.33 
188.40 
200.51 
179.25 
Cv = 7.68 
Shubhra 
148.21 
165.20 
188.18 
200.25 
195.36 
179.44 
TxCv = 
Mean 
139.92 
154.75 
179.39 
184.56 
187.60 
NS 
75 DAS 
B. . 
Bs. 
N60 
BNQO 
Ni:o 
Mean 
CD at 5% 
329.24 
382.81 
476.11 
529.29 
512.61 
446.01 
T - 2 7.81 
370.34 
382.53 
459.12 
523.81 
540.49 
455.26 
412.18 
458.37 
560.90 
546.61 
566.54 
508.92 
Cv = 24.88 
411.25 
447.14 
547.51 
629.42 
647.39 
536.54 
TxCv 
380.75 
417.71 
510.91 
556.53 
556.76 
- N S 
100 DAS 
B . 0 
B N 3 0 
N60 
BNW 
B M : 
Mean 
CD at 5% 
641.43 
759.56 
917.41 
1017.67 
1005.30 
868.27 
T = 49.56 
670.20 
800.25 
899.63 
976.60 
958.50 
861.04 
917.25 
970.13 
1017.49 
1110.64 
1134.69 
1030.04 
Cv = 44.33 
870.39 
935.30 
1023.61 
1123.85 
1111.76 
1012.98 
TxCv = 
774.82 
8-66.31 
964.53 
1057.19 
1052.56 
 NS 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. DAS, for days after sowing and NS, for non-significant data. 
Tabic 10 Iifiect of graded levels ofbasally applied N on leaf area index of four culti\ars 
of linseed at three stages of growth (Mean of three replicates) 
Treatments (T) 
(kglia) 
K 
K.. 
B. . . 
B^., 
BK,. , 
Mean 
CD at 5% 
Garima 
0.201 
0.240 
0.281 
0.299 
0.291 
0.262 
T = 0.015 
Mukta 
Cultivars (Cv) 
50 DAS 
0.209 
0.240 
0.287 
0.294 
0.311 
0.268 
Cv = 
Neelam 
0.240 
0.291 
0.330 
0.320 
0.340 
0.304 
= 0.014 
Shubhra 
0.252 
0.281 
0.320 
0.340 
0.332 
0.305 
T x C v -
Mean 
0.226 
0.263 
0.305 
0.313 
0.319 
NS 
75 DAS 
B^. 
B^,„ 
BK., 
BN.,, 
K:. 
Mean 
CD at 5% 
Bs. 
BN30 
B . 
Bs.. 
B^,: 
Mean 
CD at 5°/o 
0.559 
0.649 
0.809 
0.899 
0.870 
0.757 
T = 0.048 
1.090 
1.290 
1.559 
1.729 
1.709 
1.475 
T = = 0.085 
0.629 
0.649 
0.780 
0.899 
0.918 
0.775 
Cv 
0.700 
0.779 
0.952 
0.928 
0.962 
0.864 
= 0.043 
100 DAS 
1.140 
1.360 
1.528 
1.659 
1.629 
1.463 
Cv 
1.559 
1.649 
1.729 
1.887 
1.928 
1.750 
= 0.075 
0.699 
0.760 
0.930 
1.069 
1.100 
0.912 
TxCv 
1.479 
1.590 
1.739 
1.909 
1.889 
1.721 
TxCv = 
0.647 
0.709 
0.868 
0.949 
0.963 
= NS 
1.317 
1.472 
1.639 
1.796 
1.789 
NS 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. DAS, for days after sowing and NS, for non-significant 
data. 
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4.1.1.1.4 Fresh weight per plant 
The effect of nitrogen on this parameter and cultivar differences at 50. 75 
and 100 DAS were found significant. However, interaction effect of treatments 
with cuhivars was found significant at 100 DAS only (Table 11). 
Increasing levels of nitrogen up to 90 kg N/ha enhanced fresh weight per 
plant at all the three stages. The highest level (120 kg N/ha), however, proved 
wasteful at all stages. Nitrogen at 90 kg N/ha increased fresh weight per plant 
by 148.61% at 50 DAS, 155.08% at 75 DAS and 164.81% at 100 DAS over 
the respective no-nitrogen control. 
Cultivars Neelam and Shubhra were at par at each of the three stages and 
surpassed the others. Mukta ga\e the lowest xalue at all the stages; but it was at 
par with Garima at 100 DAS. Cultivar Neelam produced 25.06, 26.87 and 24.76% 
more fresh weight per plant at 50. 75 and 100 DAS respectively over Mukta 
At 100 DAS when the interaction effect was significant, 120 kg N/ha 
interacted best with Neelam as well as with Shubhra. However. Neelam 
performed equally well at 90 and 120 kg N/lia. Shubhra at 120 kg N/ha and 
Neelam at 90 kg N/ha increased fresh weight by 309.79 and 273.45% 
respectively over Mukta at 0 kg N/Tia which was at par with Garima at 0 kg N/ 
ha in giving the lowest value. 
4.1.1.1.5 Dry weight per plant 
The effect of nitrogen treatment on the dr>' weight and cultivar differences 
were significant at each of the three stages. Interaction effect of nitrogen 
Table 11, Efiect of graded le\ els of basall) applied N on fresh weight per plant (g) offour 
cultivars of linseed at three stages of growth (Mean of three replicates) 
Treatments 
(kg/ha) 
BNO 
BN30 
N60 
N'Xi 
BNI20 
Mean 
CD at 5% 
BNO 
BN30 
N60 
Ni:o 
Mean 
CD at 5% 
^ N O 
BN30 
N60 
N90 
Ni:o 
Mean 
CD at 5% 
(T) 
Garima 
12.94 
21.00 
26.98 
31.25 
30.01 
24.44 
T=1.20 
20.41 
34.96 
42.62 
50.62 
48.21 
39.36 
T = 2.73 
30.21 
56.21 
65.42 
71.64 
72.26 
59.15 
T = 3.65 
Mukta 
12.24 
18.72 
26.49 
30.76 
28.10 
23.26 
18.21 
30.24 
39.64 
49.21 
42.64 
35.99 
25.43 
59.66 
60.21 
73.21 
70.62 
57.83 
Cultivars (Cv) 
Neelam 
50 DAS 
15.58 
24.81 
29.33 
38.03 
37.72 
29.09 
Cv=1.07 
75 DAS 
25.21 
39.64 
45.21 
60.84 
59.21 
46.02 
Cv = 2.44 
100 DAS 
34.63 
54.62 
73.96 
96.24 
101.31 
72.15 
Cv = 3.27 
Shubhra 
15.43 
22.93 
28.97 
39.66 
41.20 
29.64 
TxCv = 
24.31 
35.96 
43.85 
64.21 
66.21 
46.91 
TxCv = 
36.25 
50.64 
70.21 
93.95 
104.21 
71.05 
TxCv = 
Mean 
14.05 
21.86 
27.94 
34.93 
34.26 
NS 
22.04 
35.20 
42.83 
56.22 
54.07 
NS 
31.63 
55.88 
67.45 
83.76 
87.10 
= 7.30 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, DAS, for days after sowing and NS, for non-significant data. 
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treatments with cultivars was significant at 75 and 100 DAS only (Table 12). 
Graded levels of nitrogen up to 90 kg N/ha improved dry weight per 
plant at all the stages. However, at 50 DAS, the dry weight increased up to 120 
kg N/ha. Application of 90 kg N/ha gave 90.20, 141.18 and 144.49% more dry 
weight at 50. 75 and 100 DAS respectively than the control that gave the lowest 
values. 
Cultivar Neelam performed best at all stages. However, Shubhra caught 
up with it at 100 DAS. Neelam gave 35.63% more dry weight than Mukta •hat 
gave the lowest value at 50 DAS. At 75 and 100 DAS, however, Garima became 
at par with Mukta and Neelam gave 28.32% and 23.21% more dr>' weight 
respectiv eh than Garima at these stages. 
Interaction effect was significant at 75 and 100 DAS only. Among 
interactions. 90 kg N/ha x Neelam proved best. However, it was at par with 
120 kg N/ha x Neelam or Shubhra at 100 DAS. The interaction 90 kg N/ha x 
Neelam increased dry weight by 205.85% and 209.05% at 75 and 100 DAS 
respectiveh over 0 kg N/ha x Garima that gave the lowest values. The effects 
ol interactions 0 kgN/Tia x Garima at these two stages were equal with those of 
the interactions 0 kg N/Tia with the remaining cultivars. 
4.1.1.1.6 Crop growth rate 
The effect of nitrogen treatments on this parameter and their interaction 
with culti\ars as also cultivar differences for the two durations (50-75 and 75-
100 DAS) were significant (Table 13). 
Table 12. Fffect of graded lc\ els of basallv applied N on dn, weight per plant (g) of four 
cultivars of linseed at three stages of growlh (Mean of three replicates) 
Treatments (T) 
(kg ha) 
B^, 
K. 
B . . , 
BNO<, 
Bs,. , 
Mean 
CD at 5% 
Garima 
2.59 
4.21 
4.68 
5.14 
6.02 
4.53 
1 = 0.25 
.Mukta 
Cultivars (Cv) 
Neelam 
50 DAS 
2.86 
3.97 
4.01 
4.38 
5.14 
4.07 
2.98 
4.02 
5.86 
6.92 
7.81 
5.52 
Cv = 0.28 
Shubhra 
3.40 
4.23 
4.96 
6.06 
5.96 
4.92 
TxCv 
Mean 
2,96 
4.11 
4.88 
5.63 
6.23 
= NS 
75 DAS 
B^. 
Bx30 
BN(,0 
BNCX-
B^,:o 
Mean 
CD at 5% 
4.96 
7.04 
9.58 
12.96 
13.00 
9.51 
T = 0.55 
5.03 
7.62 
8.93 
9.48 
10.28 
8.26 
5.67 
8.09 
11.87 
15.17 
13.81 
10.92 
Cv = 0.49 
5.41 
7.38 
10.92 
13.23 
12.96 
9.98 
TxCv 
5.27 
7.53 
10.33 
12.71 
12.50 
= 1.10 
100 DAS 
B^o 
Bs,„ 
B^., 
Bs^i 
B v : 
Mean 
CD at 5% 
8.18 
13.13 
17.47 
20.24 
18.96 
15.60 
T = 1.10 
8.94 
12.86 
18.00 
19.63 
20.02 
15.89 
9.00 
15.28 
20.46 
25.28 
26.06 
19.22 
Cv = 0.98 
10.21 
14.75 
18.20 
23.63 
25.88 
18.53 
TxC' 
9.08 
14.01 
18.53 
22.20 
22.73 
'^ = 2.19 
N.B. : A uniform basal dose of 30 kg P and 30 kg KTia was applied at sowing. 
B stands for basal fertiliser, DAS. for days af^er sowing and NS, for non-significant data. 
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Increasing levels of nitrogen up to 90 kg N/ha increased the crop growth 
rate for both intervals. However, application of 120 kg N/ha proved less effective 
for the first interval and superfluous for the second. Nitrogen at 90 kg N/ha 
improved the crop grovvlh rate by 206.68 and 149.57% for 50-75 and 75-100 
DAS respectively over the control that gave the lowest values. 
For 50-75 DAS, Neelam, Shubhra and Garima (being at par) gave higher 
values than Mukta. Neelam gave 28.81% higher growth rate than Mukta for 
this duration. However, for 75-100 DAS, Shubhra, Neelam and Mukta, that 
replaced Garima, were at par registering higher values. Neelam exhibited 
36.04% higher CGR than Garima. 
Between 50-75 DAS, the interaction effects of 90 kg N/ha with Neelam. 
Garima and Shubhra and of 120 kg N/ha with Shubhra were at par and gave 
highest values. 90 kg N/ha x Neelam gave 310.38% higher CGR than 0 kg N/ 
ha X Shubhra that gave the lowest value. However this interaction was at par 
with 0 kg N/ha x Mukta, Garima and Neelam and even with 30 kg N/ha x 
Mukta and Shubhra. 
During the later of the two selected periods of grovvlh (75-100 DAS). 
120 kg N/ha interacted equally well with Shubhra and Neelam, giving the highest 
value. The least effective interactions were between 0 kg N/ha and each of the 
four cultivars as well as between 30 kg N/ha and Mukta which were at par. 
4.1.1.1.7 Net assimilation rate 
The effect of nitrogen treatments and Treatment x Cultivar interactions 
as also cultivar differences for the two intervals were significant (Table 14). 
Table 13. Effect of graded le\'els of basally applied N on crop growth rate (g/m- land area' 
day) of four culti\ ars of linseed for two durations (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
^NO 
S N 3 0 
D 
N60 
^ N W 
BM:O 
Mean 
CD at 5% 
B.0 
^ N 3 0 
BN6.; 
Bs.. 
BM;U 
Mean 
CD at 5% 
Garima 
1.612 
1.925 
3.332 
5.318 
4.746 
3.387 
T = 0.425 
2.189 
4.141 
5.365 
4.950 
4.053 
4.140 
T = 0.812 
Mukta 
Cultivars (Cv) 
Neelam 
50-75 DAS 
1.476 
2.482 
3.346 
3.468 
3.495 
2.853 
1.829 
2.768 
4.087 
5.610 
4.080 
3.675 
Cv = 0.380 
75-100 DAS 
2.659 
3.563 
6.168 
6.902 
6.623 
5.183 
2.224 
4.889 
5.841 
6.875 
8.330 
5.632 
Cv = 0.726 
Shubhra 
1.367 
2.142 
4.053 
4.876 
4.760 
3.440 
TxCv-
3.264 
5.012 
4.950 
7.072 
8.786 
5.817 
TxCv = 
Mean 
1 
1.571 
2.329 
3.705 
4.818 
4.270 
0.850 
2.584 
4.401 
5.581 
6.449 
6.948 
1.623 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser and DAS. for days after sowing. 
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During the period 50-75 DAS. increasing levels of nitrogen up to 90 kg 
N/ha enhanced the net assimilation rate. However, at NAR the highest level 
(120 kg N/ha) was significantly lower. For the later duration (75-100 DAS), 90 
kg N/ha had equal effect with 30 and 60 kg N/ha on the one hand and was also 
at par with 120 kg N/ha in this respect, on the other. Application of 90 kg N/ha 
gave 112.31 and 75.18% higher rate for 50-75 and 75-100 DAS respectively 
over the no-nitrogen control that gave the lowest values for NAR. 
During 50-75 DAS. cultivars Neelam and Garima showed parity, giving 
the highest values. However, Neelam"s performance was also equal to that of 
Shubhra. Neelam gave 14.31% and Garima 18.39% higher value than Mukta 
that showed the lowest NAR. During the second inter\'al (75-100 DAS), cultivars 
Mukta. Shubhra and Neelam ga\'e equal values: but the latter two cultivars 
were also at par with Garima. 
With regard to interaction effect during the first period (50-75 DAS). 90 
kg N/lia interacted equally well with Neelam and Garima and their values were 
at par with that of 120 kg N/ha x Garima. The combination 90 kg N/ha x 
Neelam gave 211.07% higher rate than 0 kg N x Shubhra that gave the low est 
\alue. At the later stages (75-100 DAS), eight of the twenty combinations, 
including 90 and 120 kg N/ha x Neelam. gave higher values. Thus, 90 kg N/Tia 
X Neelam gave 139.72 and 120 kg N/'ha x Shubhra 185.51% higher value than 
0 kg N/ha X Neelam that gave the lowest value. 
Table 14. Effect of graded levels of basally applied N on net assimilation rate (g/m- leaf 
area'daN ) of four culti\ars of linseed for two durations (Mean of three replicates) 
Treatments (T) 
(kg'ha) 
BN„ 
^ N 3 ( . 
B... 
B .^o 
BM;„ 
Mean 
CD at 5% 
K, 
BN.IO 
Bs.«, 
BN^. 
K.:. 
Mean 
CD at 5% 
Garima 
4.63 
4.69 
6.69 
9.76 
8.98 
6.95 
T = 0.88 
2.75 
4.45 
4.72 
3.90 
3.29 
3.82 
T = 0.76 
Muktc 
Cultivars (Cv) 
1 
50-75 
3.88 
6.06 
6.79 
6.44 
6.18 
5.87 
Cv = 
75-
3.11 
3.74 
5.55 
5.60 
5.45 
4.69 
100 
Cv 
Neelam 
DAS 
4.25 
5.61 
7.04 
9.83 
6.82 
6.71 
0.79 
DAS 
2.14 
4.23 
4.47 
5.13 
6.00 
4.39 
= 0.67 
Shubhra 
3.16 
4.46 
7.11 
7.77 
7.44 
5.99 
TxCv= 1.76 
3.14 
4.46 
3.83 
4.87 
6.11 
4.48 
TxCv 
Mean 
3.98 
5.20 
6.91 
8.45 
7.35 
2.78 
4.22 
4.64 
4.87 
5.22 
- 1.51 
N.B. : A uniform basal dose of 30 kg P and 30 kg Klia was applied at sowing. 
B stands for basal fertiliser and DAS. for days after sowing. 
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4.1.1.1.8 Relative growth rate 
The effect of nitrogen on this parameter during the first duration (50-75 
DAS), cuhivar differences during the second duration and their interaction 
effects during both periods were found significant (Table 15). 
Application of 90 kg N/ha (equalled by 60 kg N/ha) enhanced RGR most 
during the first interval and gave 40.33% higher value than the control. 
Cultivar differences when significant (75-100 DAS) showed that Mukta, 
being at par with Shubhra, was slightly better than Neelam and gave 25.88% 
higher value than Garima that gave the lowest value. 
Regarding interaction effect. 90 kg N/ha x Neelam. being at par with 
fourteen other combinations, gave higher value than the remaining five 
combinations during the first period. This interaction (90 kg N/ha x Neelam) 
gave higher RGR than 0 kg N/ha x Shubhra that gave the lowest value. During 
75-100 DAS. a more confusing pattern was obser\'ed as most of the interactions 
were at par with one or the other. 
4.1.1.2 Enzyme activities 
The effect of nitrogen application on the activities of the two enzymes 
selected for assay as well as cuhivar differences were found significant at all 
three stages of sampling. 
4.1.1.2,1 Carbonic anhydrase activity 
Table 16 clearly shows that application of increasing levels of nitrogen 
Table 15. Effect of graded levels of basally applied N on relative growth rate (mg/g/day) of 
four cultivars of linseed for VAO durations (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
B . 0 
BN30 
B^,. 
N90 
B N , 2 0 
Mean 
CD at 5% 
Bso 
BN30 
BN«, 
BN60 
N I 2 0 
Mean 
CD at 5% 
Garima 
26.03 
20.60 
28.70 
37.00 
30.76 
28.62 
T = 3.36 
19.70 
24.83 
24.00 
17.80 
15.10 
20.29 
T = NS 
Mukta 
Cultivars (Cv) 
50-75 
22.70 
26.17 
32.10 
30.83 
27.50 
27.86 
75-] 
22.96 
20.67 
27.96 
29.13 
26.97 
25.54 
C\ 
100 
Neelam 
DAS 
25.70 
27.96 
28.33 
31.37 
22.67 
27.21 
' = NS 
DAS 
18.50 
25.47 
21.73 
20.43 
25.46 
22.32 
Cv =2.79 
Shubhra 
18.60 
22.26 
31.60 
31.37 
30.93 
26.96 
TxCv = 6.71 
25.23 
27.70 
20.43 
23.13 
27.77 
24.85 
TxCv = 6.26 
Mean 
23.26 
24.25 
30.18 
32.64 
27.97 
21.60 
24.67 
23.53 
22.62 
23.83 
N.B. : A uniform basal dose of 30 kg P and 30 kg K%a was applied at sowing. 
B stands for basal fertiliser, DAS, for days after sowing and NS. for non-significant data. 
63 
up to 60 kg N/ha at 50 and 75 DAS improved the activity linearly, the two 
higher doses being at par with it in their effect on the enzyme activity. However, 
at 100 DAS all levels of applied nitrogen proved equally effective; but 30 kg 
N/ha was also at par with the no-nitrogen control. For the sake of comparison. 
90 kg N/ha increased carbonic anh>drase activit\- b>' 41.09% at 50 DAS. 30.33% 
at 75 DAS and 10.75% at 100 DAS over the respective controls. 
Cultivar Neelam, followed by Shubhra. exhibited the maximum values 
for this parameter at all the stages. Neelam showed 30.30. 31.91 and 85.30% 
more enzyme activity than Mukta at 50, 75 and 100 DAS respectively. The 
latter gave the lowest values. 
As indicated above, the interaction effect of nitrogen treatments with the 
cultixars was non-significant. 
4.1.1.2.2 Nitrate reductase activity 
The effect of nitrogen treatments on this enz\ me and cultivar differences 
at 50. 75 and 100 DAS were found significant. However, their interaction effect 
was non-significant at each stage (Table 17). 
The application of 90 kg N/fia (being at par with 120 as well as 60 kg N/ 
ha) increased the enzyme activity most at 50 and 75 DAS. However, at 100 
DAS. compared with the no-nitrogen control, all the four levels of applied 
nitrogen gave equal but higher value. Nitrogen at 90 kg N/ha gave 37.00. 42.81 
and 21.69% higher enzyme acti\ity over the respective controls at 50, 75 and 
100 DAS respectively. 
Table 16. Fffect of graded le\els of basallj applied N on carbonic anh\drase activity (|i 
mol CO,/kg leaf fresh matter/s) of four cultivars of linseed at three stages of 
growth (Mean of three replicates) 
Treatments (T) 
(kglia) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
SODAS 
Bs. 
Bs., 
Bs.o 
BNWU 
BN,:O 
Mean 
CD at 5% 
320.46 
363.92 
396.34 
413.21 
402.10 
379.21 
T = 22.36 
312.51 
346.35 
400.30 
386.61 
393.69 
367.89 
329.29 
449.76 
514.24 
540.39 
563.18 
479.37 
Cv = 20.01 
316.24 
396.19 
424.29 
463.67 
454.81 
411.04 
TxCv = NS 
319.63 
389.06 
433.79 
450.97 
453.45 
75 DAS 
BM, 
BN30 
BN60 
BN.(, 
BN,:O 
Mean 
CD at 5% 
380.45 
422.29 
463.34 
471.17 
460.28 
439.51 
T = 26.82 
334.69 
369.36 
428.39 
436.49 
436.57 
401.10 
412.34 
479.19 
556.10 
592.25 
605.60 
529.07 
Cv-23.99 
432.18 
465.31 
496.37 
532.73 
541.44 
493.61 
TxCv = 
389.91 
434.04 
486.05 
508.16 
510.97 
-NS 
100 DAS 
Bso 
BN30 
BN60 
BNOO 
B^. . 
Mean 
CD at 5°o 
143.24 
164.10 
153.09 
160.36 
148.86 
153.93 
T= 16.67 
209.19 
203.78 
226.61 
219.34 
230.96 
217.98 
Cv 
260.10 
273.64 
298.25 
300.80 
293.37 
285.23 
= 14.91 
248.19 
259.51 
272.65 
280.93 
280.00 
268.26 
TxCv = = NS 
215.18 
225.26 
237.65 
240.36 
238.30' 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing.B 
stands for basal fertiliser. DAS. for days after sowing and NS, for non-significant data. 
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Cultivar Neelam surpassed the others at all the three stages. It was, 
however, at par with Shubhra at the first two stages. Neelam exhibited 41.56, 
30.45 and 37.42% higher enzyme activity at 50, 75 and 100 DAS respectively 
than Mukta that gave the lowest values. 
The Treatment x Cultivar effect was non-significant for the activity of 
this enzyme also. 
4.1.1.3 NPK content of leaves 
Leaf NPK content was estimated on dry weight basis at 50, 75 and 100 
DAS. The data are considered below in brief 
4.1.1.3.1 Leaf nitrogen content 
The effect of applied nitrogen on its content in the leaf and cultivar 
differences at all stages of sampling were significant. However, their combined 
effect was non-significant at each stage (Table 18). 
Leaf nitrogen content increased up to 90 kg N/ha at 50 DAS and up to 
120 kg N/ha at the later two stages, with 90 kg N/ha following it closely in this 
regard. Application of 90 kg N/Tia increased the leaf nitrogen content by 39.91, 
24.72 and 30.37% over the respective controls at 50, 75 and 100 DAS 
respectiveh. 
Cultivar Mukta had the maximum leaf nitrogen content at the first two 
stages of sampling. However, Neelam replaced it at 100 DAS together with the 
other two cultivars, showing 5.56% better efficiency in this regard. 
Tabic 17. Effect of graded levels of basal 1\ applied N on nitrate reductase activitj (|i mol 
NO,/h/g leaf fresh weight) of four cultivars of linseed at three stages of growth 
(Mean of three replicates) 
Treatments (T) 
(kglia) 
BKO 
BN3(. 
B f^tO 
Ni:o 
Mean 
CD at 5% 
Garima 
0.463 
0.493 
0.536 
0.558 
0.549 
0.520 
T= 0.087 
Mukta 
Cultivars (Cv) 
50 DAS 
0.398 
0.462 
0.521 
0.519 
0.530 
0.486 
Cv = 
Neelam 
0.439 
0.536 
0.736 
0.862 
0.868 
0.688 
0.078 
Shubhra 
0.516 
0.582 
0.695 
0.719 
0.708 
0.644 
TxCv-NS 
Mean 
0,454 
0.518 
0.622 
0.664 
0.663 
75 DAS 
BNO 
BN30 
p 
N6(l 
^ N Q O 
BN120 
Mean 
CD at 5°'o 
0.499 
0.583 
0.651 
0.703 
0.686 
0.624 
T= 0.104 
0.486 
0.594 
0.704 
0.719 
0.720 
0.645 
0.575 
0.721 
0.921 
0.939 
0.914 
0.814 
Cv = 0.093 
0.634 
0.778 
0.859 
0.829 
0.809 
0.782 
TxCv = NS 
0.549 
0.669 
0.784 
0.798 
0.782 
100 DAS 
^ N O 
BN3U 
BN6,. 
B^. 
BN,:O 
Mean 
CD at 5% 
0.316 
0.336 
0.347 
0.328 
0.349 
0.339 
T= 0.035 
0.245 
0.285 
0.300 
0.319 
0.321 
0.294 
0.321 
0.462 
0.419 
0.420 
0.396 
0.404 
Cv= 0.031 
0.296 
0.319 
0.369 
0.410 
0.385 
0.356 
TxCv--NS 
0.295 
0.351 
0.359 
0.369 
0.362 
N.B.: A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, DAS, for days after sowing and NS, for non-significant data. 
Tabic 18. nficct of graded ICNCIS ot'basal!\ applied K on leaf nitrogen content (per cent dr\ 
weight ) of four cultivars of linseed at three stages of growth (Mean of three 
replicates) 
Treatments (T) 
(kg ha) 
Bv. 
Bs,„ 
BN«, 
Bx., 
B . , . , 
Mean 
CD at 5% 
Garima 
2.03 
2.44 
2.80 
3.09 
3.16 
2.70 
T-0 .18 
Mukta 
Cultivars (Cv) 
50 DAS 
2.47 
2.68 
2.85 
3.16 
3.31 
2.89 
Cv = 
Neelam 
2.04 
2.41 
2.52 
2.94 
3.19 
2.62 
= 0.15 
Shubhra 
2.19 
2.39 
2.73 
3.01 
3.26 
2.72 
TxCv = 
Mean 
2.18 
2.48 
2.73 
3.05 
3.23 
NS 
75 DAS 
B^. 
Bs,o 
B^ . 
B.O. 
Bs,:„ 
Mean 
CD at 5% 
1.82 
2.08 
2.12 
2.28 
2.33 
2.13 
T=0.11 
1.91 
2.26 
2.41 
2.56 
2.74 
2.38 
1.61 
1.84 
1.91 
2.01 
2.29 
1.93 
Cv = 0.09 
1.79 
1.91 
2.09 
2.04 
2.42 
2.05 
TxCv = 
1.78 
2.02 
2.13 
2.22 
2.45 
 NS 
100 DAS 
B^. 
B ,^o 
B , . , 
B . . , 
Bs.: 
Mean 
CD at 5% 
1.33 
1.59 
1.74 
1.76 
1.89 
1.66 
T = 0.08 
1.26 
1.54 
1.81 
1.68 
1.81 
1.62 
Cv = 
1.40 
1.63 
1.86 
1.72 
1.93 
1.71 
= 0.07 
1.39 
1.51 
1.79 
1.89 
2.04 
1.72 
TxCv = = NS 
1.35 
1.57 
1.80 
1.76 
1.90 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. DAS, for days after sowing and NS, for non-significant data. 
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4.1.1.3.2 Leaf phosphorus content 
Effect of nitrogen treatment on phosphorus content, cultivar differences 
(except at 50 DAS) alone as well as in combination at all stages of sampling 
were found non-significant (Table 19). At 50 DAS, Shubhra, Neelam and Mukta 
were at par among them. Shubhra surpassed Garima by 8.99% Garima, however, 
had parity with Mukta and Neelam. 
4.1.1.3.3 Leaf potassium content 
The effect of nitrgen application on leaf potassium content and cultivar 
differences were found significant.However their interaction effect was non-
significant (Table 20). 
In general, there was an inverse relationship between levels of applied 
nitrogen and leaf potassium content with 60 kgN/ha and higher doses being at 
par at all stages of sampling. Application of nitrogen at 90 kg N/ha resulted ih 
5.98, 5.70 and 5.29% less potassium content than the control at 50, 75 and 100 
DAS respectively. 
Cultivars Neelam. Mukta and Shubhra were at par and gave higher value 
than Garima at each stage. Neelam showed 5.74, 5.41 and 5.45% more 
potassium than Garima at the respective stages. 
4.1.1.4 Yield characteristics 
All yield parameters, except seeds per capsule and 1,000-seed weight, 
were affected significantly by the nitrogen treatments and Treatment x Cultivar 
interactions. Cultivar differences were also generally conspicuous. 
Table 19. EflTect of graded levels of basally applied N on leaf phosphorus content (per cent 
dr>' weight) of four cultivars of linseed at three stages of growth (Mean of three 
replicates) 
Treatments (T) 
(kgTia) 
BKO 
BN30 
BN6:. 
BN.^ 
B K , : O 
Mean 
CD at 5% 
Garima 
0.301 
0.290 
0.298 
0.283 
0.272 
0.289 
T=NS 
Mukta 
Cultivars (Cv) 
SODAS 
0.313 
0.316 
0.305 
0.298 
0.301 
0.306 
Cv = 
Neelam 
0.323 
0.309 
0.304 
0.316 
0.288 
0.308 
 0.023 
Shubhra 
0.325 
0.316 
0.292 
0.303 
0.305 
0.315 
TxCv = 
Mean 
0.319 
0.304 
0.306 
0.290 
0.292 
NS 
75 DAS 
Bv 
Bx3. 
BNW 
B K . 
BM:U 
Mean 
CD at 5% 
0.271 
0.266 
0.278 
0.255 
0.241 
0.264 
T = NS 
0.289 
0.284 
0.272 
0.266 
0.274 
0.275 
0.283 
0.276 
0.275 
0.288 
0.261 
0.275 
Cv = NS 
0.291 
0.289 
0.260 
0.273 
0.272 
0.273 
TxCv = 
0.284 
0.271 
0.279 
0.262 
0.260 
= NS 
100 DAS 
BNO 
BK3, 
BN6( 
Bs. 
Bs,: 
Mean 
CD at 5% 
0.254 
0.245 
0.246 
0.231 
0.228 
0.243 
T=NS 
0.253 
0.261 
0.259 
0.244 
0.256 
0.254 
0.268 
0.259 
0.256 
0.255 
0.242 
0.256 
Cv = NS 
0.271 
0.266 
0.249 
0.254 
0.253 
0.255 
TxCv = = NS 
0.265 
0.255 
0.256 
0.243 
0.247 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, DAS, for days after sowing and NS, for non-significant data. 
lablc 20. Effect of graded levels ol'basaiK applied N on leaf potassium content (per cent 
dr> weight) of four cultivars of linseed at three stages of growth (Mean of three 
replicates) 
Treatments (T) 
(kglia) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
50 DAS 
Bv 
Bs,. 
Bv. 
B^. 
Bx,:. 
Mean 
CD at 5% 
2.54 
2.46 
2.52 
2.38 
2.29 
2.44 
T= 0.08 
2.63 
2.66 
2.60 
2.48 
2.54 
2.58 
C\ = 0.07 
2.70 
2.58 
2.55 
2.62 
2.44 
2.58 
2.76 
2.66 
2.48 
2.55 
2.59 
2.61 
TxCv = 
2.66 
2.59 
2.54 
2.51 
2.46 
 NS 
75 DAS 
K. 
Bx3C, 
Bs.. 
BK., 
B N , 2 . 
Mean 
CD at 5% 
2.31 
2.24 
2.29 
2.17 
2.09 
2.22 
T= 0.08 
2.39 
2.42 
2.36 
2.26 
2.31 
2.35 
2.45 
2.35 
2.32 
2.38 
2.22 
2.34 
Cv = 0.07 
2.50 
2.41 
2.26 
2.32 
2.36 
2.37 
TxCv 
2,41 
2.35 
2.31 
2.28 
2.25 
= NS 
100 DAS 
B 
B 
B 
B. 
NO 
N30 
N60 
B v : 
Mean 
CD at 5°o 
2.10 
2.04 
2.09 
1.98 
1.91 
2.02 
T = 0.06 
2.17 
2.20 
2.15 
2.06 
2.10 
2.14 
2.22 
2.14 
2.11 
2.16 
2.03 
2.13 
Cv = 0.05 
2.27 
2.19 
2.06 
2.11 
2.14 
2.15 
TxCv = 
2.19 
2.14 
2.10 
2.08 
2.04 
 NS 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, DAS. for days after sowing and NS. for non-significant data. 
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4.1.1.4.1 Fibre content per plant 
The effect of treatments and of their interaction with cultivars on fibre 
content per plant as also cultivar differences were significant (Table 21). 
Increasing levels of nitrogen up to 90 kg N/ha enhanced fibre content 
linearly. Application of the higher dose (120 kg N/ha) had equal effect. Nitrogen 
at 90 kg N/ha gave 119.52% higher fibre content than the control that gave the 
lowest value. 
Cultivars Neelam and Shubhra, being at par, gave higher values than 
Mukta which was equalled by Garima. Neelam had 34.67% higher fibre content 
than Mukta. 
Regarding interactions, Neelam (as also Shubhra) interacted best with 90 
(and 120) kg N/ha. Interaction of 90 kg N/ha with Neelam exhibited 193.28% 
higher fibre content than the interaction of control with Mukta, that was equalled 
b\ control x Garima, and gave the lowest value. 
4.1.1.4.2 Capsules per plant 
The effects of nitrogen treatments and cultivar differences alone as well 
as in combination were significant (Table 22). 
Graded levels of nitrogen up to 90 kg N/ha increased the number of capsule 
per plant linearly. Thereafter, ftirther increase was not observed. Application 
of nitrogen at 90 kg N/ha enhanced capsules per plant b> 84.06% over the no-
nitroeen control that eave the lowest value. 
Table 21. Effect of graded levels of basally applied N on fibre content per plant (g) of four 
cultivars of linseed atharxest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
BNO 
BN30 
%.. 
B N . , 
BN,:U 
Mean 
CD at 5% 
Garima 
0.628 
0.896 
1.283 
1.366 
1.262 
1.087 
T= 0.069 
Mukta 
0.625 
0.807 
1.268 
1.231 
1.290 
1.044 
Cultivars (Cv) 
Cv = 
Neelam 
0.767 
1.211 
1.499 
1.838 
1.721 
1.406 
 0.062 
Shubhra 
0.789 
1.165 
1.512 
1.734 
1.838 
1.408 
TxCv = 
Mean 
0.702 
1.020 
1.391 
1.541 
1.528 
0.131 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, DAS, for days after sowing. 
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CuUivars Neelani and Shubhra (being at par) proved belter than the other 
two. Neelam produced 30.35% more capsules per plant than Mukta that was 
equalled by Garima in giving lower value. 
Nitrogen at 90 (and 120) kg N/ha interacted equally well with Neelam as 
well as Shubhra. Interaction of 90 kg N/ha with Neelam resulted in 141.73% 
more capsules per plant than the interaction of the control with Garima (or 
Mukta or Neelam) that gave the lowest values. 
4.1.1.4.3 Seeds per capsule 
The effect of nitrogen treatments only was found significant, as indicated 
above (Table 23). Increasing levels of nitrogen up to 60 kg N/ha were found 
effective in increasing the number of seeds per capsule, higher doses proving 
superfluous. Nitrogen at 90 kg N/ha produced 22.48% more seeds than the 
control that gave the lowest value. 
4.1.1.4.4 1,000-seed weight 
As mentioned earlier, this yield parameter was not aflFected significantly 
b\' the application of nitrogen and by its combinations with the cultivars. The 
differences among cultivars also were non-significant (Table 24). 
4.1.1.4.5 Seed yield 
As in the case of most other parameters studied, successive levels of 
nitrogen up to 90 kg N/ha increased seed yield progressively. The highest applied 
dose (120 kg N/ha) had equal value with 90 kg N/ha. Nitrogen application at 
Table 22. Effect of graded IcNels of basally applied N on capsule number per plant of four 
cultivars of linseed at harvest (Mean of three replicates) 
Treatments(T) 
(kgTia) 
Bso 
BN30 
Bs.. 
B^., 
BN,:O 
Mean 
CD at 5% 
Garima 
54.33 
71.00 
93.67 
98.33 
96.00 
82.67 
T= 4.92 
Mukta 
56.00 
67.00 
90.33 
93.67 
91.67 
79.73 
Cultivars (Cv) 
Neelam 
63.33 
85.33 
114.67 
131.33 
125.00 
103.93 
Cv = 4.40 
Shubhra 
69.00 
88.00 
105.67 
123.33 
121.67 
101.53 
TxCv- 9.83 
Mean 
60.67 
77.83 
101.09 
111.67 
108.59 
N.B. : A unifomi basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. 
Tabic 23. Effect of graded le\els of basalh applied N on seeds number per capsule of four 
culti\ars of linseed at harxest (Mean of three replicates) 
Treatnients (T) 
(kglia) 
B^, 
B^.. 
BN60 
Bso„ 
BM:O 
Mean 
CD at 5% 
Garima 
7.60 
8.39 
8.81 
9.10 
9.00 
8.58 
T = 0.41 
Mukta 
7.60 
8.31 
8.88 
9.00 
9.10 
8.58 
Cultivars (Cv) 
Cv 
Neelam 
7.41 
8.00 
8.58 
9.00 
9.23 
8.44 
= NS 
Shubhra 
7.12 
8.20 
8.90 
9.30 
9.10 
8.52 
TxCv = 
Mean 
7.43 
8.23 
8.79 
9.10 
9.11 
NS 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser and NS. for non-significant data. 
Table 24. Effect of graded levels of basally applied N on 1,000 seed weight (g) of four 
cultivars of linseed at harvest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
^ N O 
^ N J O 
BN60 
Bsg,, 
BN,:U 
Mean 
CD at 5% 
8.08 
8.10 
8.28 
8.31 
8.29 
8.21 
T = NS 
8.06 
8.14 
8.26 
8.39 
8.41 
8.25 
8.24 
8.21 
8.36 
8.54 
8.84 
8.44 
Cv = NS 
8.26 
8.19 
8.31 
8.23 
8.16 
8.16 
8.30 
8.37 
8.48 
8.29 
TxCv - NS 
8.51 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser and NS, for non-significant data. 
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this optimum level (90 kg N/ha) improved seed yield by 94.20% over the no-
nitrogen control which gave the lowest value. 
Neelam again showed parity with Shubhra and surpassed the other the 
two cultivars. in producing more seeds than Mukta that was at par with Garima 
and gave the lowest yield. 
Interaction effects of 90 (and 120) kg N/ha with Neelam (and Shubhra) 
were at par and surpassed the others. 90 kg N/ha x Neelam resulted in 130.84% 
higher seed yield than the interactions of no-nitrogen control with each of the 
four cultivars (Table 25). 
4.1.1.4.6 Biological yield 
Table 26 clearly shows that increasing levels of nitrogen up to 90 kg N/ha 
improved biological yield linearh. The application of the higher dose (120 kg 
N/ha) proved superfluous. Nitrogen at 90 kg N/ha gave 136.30% higher 
biological yield than the no-nitrogen control which gave the lowest value. 
Cultivar Neelam and Shubhra. being at par. gave higher values than Mukta 
which was equalled by Garima. Neelam gave 23.40% higher biological yield 
than Garima. 
Nitrogen at 90 (and 120) kg N'ha interacted equally well with Neelam 
and Shubhra. 90 kg N/ha x Neelam gave 185.77% higher biological yield than 
the interaction of control with Garima (or Mukta or Neelam or Shubhra). 
Table 25. Effect of graded levels of basally applied N on seed yield (kg/ha) of four 
cultivars of linseed at harvest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
B. 699.33 712.67 749.00 803.00 741.00 
B N30 
B N60 
B WW* 
Ni:o 
Mean 
CD at 5% 
949.00 
1249.00 
1302.00 
1288.67 
1097.60 
T = 80.83 
896.00 
1302.33 
1244.00 
1265.33 
1084.00 
161.67 
1381.00 
1614.33 
1592.6' 
1299.73 
Cv = 72.29 
1141.33 
1410.67 
1596.00 
1583.33 
1037.00 
1335.75 
1439.08 
1432.50 
1306.87 
TxCv= 161.65 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. 
Table 26. Effect of graded le\els of basally applied N on biological yield (kg/ha) of four 
culti\ars of linseed at harvest (Mean of three replicates) 
Treatments (T) 
(kglia) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
BM, 
B. 
B. 
B. 
1810.67 
2626.33 
3762.00 
4146.00 
1899.33 
2497.00 
4068.67 
4185.33 
2070.00 
3384.67 
4279.67 
5174.33 
2164.33 
3241.67 
4365.33 
5267.33 
1986.08 
2937.42 
4118.92 
4693.25 
B ,^:„ 4050.67 4216.33 5324.00 5554.00 4786.25 
Mean 
CD at 5% 
3279.13 
T = 265.19 
3373.33 4046.53 
Cv = 237.20 
4118.53 
TxCv = 530.39 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. 
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4.1.1.4.7 Harvest index 
The effect of nitrogen treatments only was found significant (Table 27). 
An inverse relationship between nitrogen levels and harvest index was noted, 
with 90 kg N/ha giving 17.96% lower harvest index than the no-nitrogen control. 
The effect of 90 and 120 kg N/ha on this parameter was found equal. 
4.1.1.4.8 Oil content 
The effects of nitrogen treatments and cultivar differences, alone as well 
as in combination were found non-significant (Table 28). 
4.1.1.4.9 Oil yield 
There were significant effects of nitrogen treatments, cuUivar differences 
and their interactions on this computed parameter (Table 29). 
Increasing le\els of nitrogen up to 60 kg N/1ia enhanced oil yield. The 
effect of 60 kg NTia was at par with that of 90 kg N/ha, which was itself equalled 
by 120 kg N/ha. Nitrogen at 90 kg N/ha gave 87.19% higher oil yield than the 
control that ga\ e the lowest value. 
Neelam and Shubhra were equal in their performance and proved superior 
to the other cultivars. Neelam gave 17.49% higher oil yield than Mukta (equalled 
by Garima) that gave the lowest value. 
Application of 90 kg (and 120 kg) N/ha suited Neelam (as well as Shubhra) 
best. Interaction of 90 kg N/ha with Neelam gave 112.58% higher oil yield 
than the interaction of the no-nitrogen control with Mukta and the other cultivars. 
Table 27. Effect of graded levels of basally applied N on harvest index (per cent w7W 
basis) of four cultivars of linseed at harvest (Mean of three replicates) 
Treatments (T) 
(kglia) 
^ N O 
BN30 
13 
N120 
Mean 
CD at 5% 
Garima 
38.62 
36.13 
33.20 
31.40 
31.81 
34.23 
T = 2.10 
Mukta 
37.52 
35.88 
32.00 
29.72 
30.01 
33.03 
Cultivars (Cv) 
Neelam 
36.18 
34.32 
32.27 
31.19 
29.91 
33.77 
Cv = NS 
Shubhra 
37.10 
35.21 
32.31 
30.29 
28.51 
32.68 
TxCv- NS 
Mean 
37.36 
35.39 
32.45 
30.65 
30.08 
N.B. : A uniform basal dose of 30 kg P and 30 kg KJha was applied at sowing. 
B stands for basal fertiliser and NS, for non-significant data. 
Table 28. Effect of graded levels of basally applied N on oil content (per cent w/W basis) 
of four cultivars of linseed at harvest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
^ N O 
S N 3 0 
N6() 
^ N W 
NI2() 
Mean 
CD at 5% 
Garima 
40.50 
39.59 
38.31 
38.21 
39.10 
39.14 
T = NS 
Mtikta 
39.39 
40.01 
39.20 
38.29 
39.90 
39.36 
Cultivars (Cv) 
Neelam 
39.15 
39.80 
38.89 
37.30 
38.20 
38.67 
Cv = NS 
Shubhra 
39.11 
40.20 
39.30 
38.60 
39.11 
39.26 
TxCv = NS 
Mean 
39.54 
39.90 
38.93 
38.10 
39.08 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser and NS, for non-significant data. 
Table 29. Effect of graded levels of basally applied N on oil yield (kg/ha) of four cultivars 
of linseed atharxest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
B NO 283.26 280.74 292.97 314.05 292.76 
B N30 375.71 358.51 462.33 458.84 413.85 
N611 478.46 510.54 537.13 554.39 520.13 
B. 497.44 476.38 602.16 616.1: 548.02 
^ N 1 2 0 
Mean 
CD at 5% 
503.84 
427.74 
T = 35.37 
504.92 
426.22 
608.38 
500.59 
Cv = 31.64 
619.17 559.08 
512.51 
TxCv = 70.74 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. 
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4.1.1.5 QualiU characteristics of the oil 
Iodine value and fatty acid composition of oil were by and large 
significantly affected. 
4.1.1.5.1 Iodine value 
The effect of nitrogen treatments and cultivar differences were found 
significant. However, their interaction effect was non-significant (Table 30). 
The effect of all nitrogen treatments was at par. It decreased the iodine 
\alue of the oil in comparison with the no-nitrogen control. Application of 90 
kg N/ha decreased the iodine \ alue b> 5.88% when compared with the control. 
Neelam and Garima. being at par. exliibited higher value than the two 
other cultivars. Neelam showed 14.70% higher iodine value than Mukta 
(equalled by Shubhra) that ga\ e the lowest value. 
Interaction effect of nitrogen treatment with cultixars was. however, non-
significant. 
4.1.1.5.2 Fatty acid composition 
The effect of nitrogen treatments on oleic, linoleic and linolenic acid only, 
and cultivar differences with regard to oleic and linoleic acid only were found 
significant (Table 31). 
4.1.1.5.2.1 Oleic acid 
Increasing levels of nitrogen enhanced oleic acid content linearly. 
However, effect of 60 kg N was at par with that of 90 kg N/ha. 90 kg N/ha gave 
16.95% hiaher oleic acid content than the no-nitrosen control. 
Table 30. Efl'ecl of graded levels of basally applied N on iodine value of four cultivars of 
linseed at harvest (Mean of three replicates) 
Treatments (T) 
(kgAia) 
BNO 
BN30 
N6(l 
NOl) 
N1 : o 
Mean 
CD at 5% 
Garima 
203.30 
191.12 
182.01 
180.56 
180.24 
187.45 
T= 11.03 
( 
Mukta 
179.51 
164.27 
158.41 
160.65 
157.10 
163.99 
Cultivars (Cv) 
Neelam 
196.09 
186.45 
190.53 
184.90 
182.55 
188.10 
Cv = 9.87 
Shubhra 
184.21 
176.30 
164.00 
171.50 
165.96 
172.39 
TxCv = NS 
Mean 
190.78 
179.54 
. 173.74 
174.40 
171.46 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser and NS. for non-significant data. 
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Garima produced maximum percentage of oleic acid. It was followed by 
Shubhra and Neelam. Garima had 15.82% more oleic acid content than Mukta 
that gave the lowest value. 
Interaction effect on oleic acid was, however, non-significant. 
4.1.1.5.2.2 Linoleic acid 
No definite trend, with regard to the effect of nitrogen treatment on linoleic 
acid, was observed, though addition of nitrogen tended to decreased the linoleic 
acid content of oil. 
Garima produced maximum content of linoleic acid. It was followed by 
Shubhra as well as Neelam. being at par. Garima gave 17.83% higher linoleic 
content than Mukta, that gave the lowest value. 
Interaction effect on linoleic acid was non-significant. 
4.1.1.5.2.3 Linolenic acid 
Graded levels of nitrogen decreased linolenic acid. Effect of 90 kg N/ha 
was at par with 120 kg N'ha. Application of 90 kg N/ha decreased linolenic 
acid b\ 8.28% than the no-nitrogen control. 
Cultivar differences as well as interaction effect on linolenic acid were 
non-significant. 
4.1.2 Experiment 2 
In this experiment, the effect of five basal levels of phosphorus (0. 15, 
30.45 and 60 kg P/ha) was studied on the performance of the same four cultivars 
I able ' 1. l^ lVccl ol'graded lo\cls (ilhasalK applied N on fatly acid composition of four 
cuhi\ars of linseed at harvest (Mean of three replicates) 
Ireainicnts (1) 
(ku !ial 
Garima 
Cultivars{Cv) 
Mukta Neelam Shubhra 
Mean 
Palmitic acid (16:0) 
Bv 
Bs,,. 
B s . 
Bs. 
Bs,:. 
Mean 
CD at 5% 
5.75 
5.33 
5.49 
5.66 
5.45 
5.54 
T=NS 
6.34 
6.16 
6.02 
6.41 
6.27 
6.24 
Cv = NS 
5.48 
5.63 
5.31 
5.62 
5.69 
5.55 
5.20 
5.33 
5.18 
5.41 
5.29 
5.28 
TxCv = NS 
5.69 
5.61 
5.50 
5.78 
5.68 
Stearic acid (18:0) 
Bs, 
B.,„ 
Bs., 
Bs. , 
Bs, . , 
Mean 
CD at 5% 
6.69 
6.36 
6.23 
6.52 
6.38 
6.44 
T = NS 
5.94 
6.24 
5.73 
6.12 
5.90 
5.99 
Cv = NS 
6.26 
6.40 
6.35 
6.54 
6.29 
6.37 
7.62 
7.34 
7.11 
7.58 
7.46 
7.42 
TxCv = NS 
6.63 
6.59 
6,36 
6,69 
6,51 
Oleic acid (18:1) 
Bv, 
B.-„. 
B v . 
Bs,:o 
Mean 
CD at 5% 
23.19 
24.57 
26.34 
25.79 
26.75 
25.33 
T = 0.39 
19.60 
20.29 
23.21 
22.59 
23.64 
21.87 
C \ -
19.43 
21.44 
24.24 
24.36 
25.79 
23.05 
= 0.35 
21.59 
23.63 
24.81 
25.25 
24.81 
24.02 
TxCv = NS 
20.95 
22.48 
24.65 
24.50 
25.25 
Linoleic acid (18:2) 
Bs 
B.-„ 
B . . 
B v . 
B.p„ 
Mean 
CD at 5% 
16.92 
15.84 
14.21 
15.68 
16.00 
15.73 
T = 0.27 
14,67 
12.32 
13,55 
12,49 
12,71 
13,35 
Cv = 
15.62 
14.31 
13.84 
14.34 
13.86 
14.39 
= 0.24 
15.60 
14.25 
13.85 
15.10 
14.24 
14.61 
TxCv = ^ NS 
15.70 
14.18 
13.86 
14.40 
14.43 
Linolenic acid (18:3) 
Bs 
Bs, 
Bv, 
Bs, 
B, , 
Mean 
CD at 5% 
47,45 
47.90 
47.78 
46.35 
45.41 
46.99 
T = 0.83 
53,45 
55,09 
51,5^ 
52,59 
50,48 
52,64 
Cv = NS 
53.21 
52.12 
50.30 
49.19 
48.37 
50.64 
50.01 
49.43 
49.06 
46.64 
48.21 
48.69 
TxCv = = NS 
51,05 
51.14 
49,68 
48.69 
48.12 
N.B. : A imifoim basal dose of 30 kg P and 30 kg Klia was applied at sowing. 
B stands for basal fertiliser and NS. for non-significant data. 
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of linseed tested in Experiment 1. The perusal of data (Tables 32-55) showed 
that application of 30 kg P/ha was best for most growth, yield and quality 
parameters studied. Neelam as well as Shubhra proved the better cultivars. 
However, interaction effects were mostly non-significant. The important results 
are summarised below. 
4.1.2.1 Growth parameters 
The growth characteristics affected significantly by phosphorus application 
are briefly considered in the following pages. 
4.1.2.1.1 Shoot length per plant 
The effect of phosphorus treatments on plant height was found significant 
at 75 DAS onl\. However, cultivar differences and interaction effects of 
phosphorus treatments with cultivars at 50, 75 and 100 DAS were found non-
significant (Table 32). 
Application of applied phosphorus proved at par at 75 DAS. Phosphorus at 30 
kg P/lia produced plants that were 17.55% taller than the no-phosphorus control, 
4.1.2.1.2 Leaf area per plant 
The effect of treatments on leaf area per plant as well as cultivar differences 
at each of the three stages were significant. However, Treatment x 
Cultixar interactions at all the stages were non-significant (Table 33). 
hicreasing doses of phosphorus up to 30 kg P/ha at all stages enhanced 
leaf area per plant. Higher doses of phosphorus proved equally effective. 
I able lifTccl of graded le\els of basaih applied P on plant height (cm) of four culti\ars 
of linseed at three stages of growlh (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Garima 
Cultivars (Cv) 
Mukta Neelam 
Mean 
Shubhra 
SODAS 
B,v 
Bp,5 
Bp30 
Bp.. 
Bp6,. 
Mean 
CD at 5% 
37.60 
33.13 
37.20 
36.00 
38.24 
36.43 
T - N S 
33.39 
33.25 
35.34 
36.56 
36.71 
35.05 
Cv = 
35.39 
36.00 
33.80 
35.45 
39.16 
35.96 
= NS 
38.00 
37.32 
35.49 
38.90 
39.14 
37.77 
TxCv = NS 
36.10 
34.93 
35.46 
35.73 
38.31 
75 DAS 
K 
Bp. 
Bp30 
Bp.. 
Bp6,. 
Mean 
CD at 5% 
55.16 
63.25 
69.87 
71.10 
68.24 
65.52 
T = 8.05 
57.80 
67.21 
70.79 
67.60 
69.24 
66.53 
Cv = 
59.31 
64.19 
68.89 
70.68 
73.35 
67.28 
= NS 
61.24 
65.71 
64.96 
71.45 
69.20 
66.51 
58.38 
65.09 
68.63 
70.21 
70.01 
TxCv=NS 
100 DAS 
B,. 
Bp,. 
Bp. 
Bp.< 
K 
Mean 
CD at 5% 
81.61 
85.25 
87.40 
91.60 
90.13 
87.20 
T = NS 
80.20 
82.72 
90.64 
90.59 
85.82 
85.99 
Cv = 
82.15 
85.41 
83.24 
89.80 
92.74 
86.67 
= NS 
84.60 
83.94 
89.10 
85.35 
92.19 
87.04 
TxCv = 
82.14 
84.33 
87.60 
89.34 
90.22 
= NS 
N.B. : A uniform basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, DAS, for days after sowing and NS, for non-significant 
data. 
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Phosphorus at 30 kg P/ha gave 28.78%, 39.18% and 21.44% more leaf area 
than the control at 50, 75 and 100 DAS respectively. 
Cultivars Neelam and Shubhra were at par in their performance at all the 
three stages and gave higher values than the others. Neelam produced 14.64%, 
15.96% and 18.78% more leaf area at 50, 75 and 100 DAS respectively than 
Mukta (and Garima) that gave the lowest values. 
Interaction effect of treatments with cultivars was non-significant. 
4.1.2.1.3 Leaf area index 
The effect of treatments on leaf area index and cultivar differences at 
each of the three stages were significant. Treatment x Cultivar effect was, 
however, non-significant (Table 34). 
Leaf area index increased with increasing levels of phosphorus up to 30 
kg P/ha at each stage. Application of more than 30 kg P/lia proved superfluous. 
Phosphorus at 30 kg P/ha increased the index by 24.42%. 39.27% and 21.36% 
over the control which ga\'e the lowest value at 50.75 and 100 DAS respectively. 
Cultivars Neelam and Shubhra, exhibiting parity, surpassed the other two 
culti\ ars in their performance. Neelam gave 18.87%. 12.40% and 10.90% higher 
value than Garima at 50, 75 and 100 DAS respectively. Garima was at par with 
Mukta and gave the lowest value. 
Interaction effect of treatments with cultivars was, however, non-
significant. 
Tabic 33. Effect of graded levels of basally applied P on leaf area per plant (cm-) of four 
cultivars of linseed at three stages of growth (Mean of three replicates) 
Treatments (T) 
(kg'ha) 
Bpo 
Bp. 
B,.3. 
B,M, 
Bp60 
CD at 5% 
Garima 
128.25 
151.10 
169.63 
170.39 
159.54 
Mean 
1=8.37 
Cultivars (Cv) 
Mukta 
50 DAS 
132.17 
169.43 
172.15 
169.90 
165.28 
155.78 
Cv = 
Neelam 
153.81 
186.34 
194.45 
203.54 
189.32 
161.79 
7.48 
Shubhra 
149.28 
173.00 
189.50 
186.32 
193.73 
185.49 
TxCv = NS 
Mean 
140.88 
169.97 
181.43 
182.54 
176.97 
178.37 
75 DAS' 
B 
B 
B 
B 
Bp60 
Mean 
CD at 5% 
pti 
pi^ 
P3U 
P-1^ 
402.00 
508.83 
569.27 
570.49 
558.19 
521.76 
T = 29.32 
396.45 
487.53 
543.80 
560.16 
555.39 
508.67 
470.19 
577.41 
623.54 
640.92 
637.23 
589.86 
Cv = 26.22 
463.61 
568.81 
674.34 
658.47 
682.67 
609.58 
TxCv = 
433.06 
.535.65 
602.74 
607.51 
608.37 
NS 
100 DAS 
Bpo 
Bp,. 
Bp30 
B... 
B,.. 
Mean 
CD at 5% 
774.58 
919.85 
1024.33 
1071.11 
1039.00 
965.77 
T= 79.27 
821.24 
896.55 
922.18 
912.76 
950.23 
900.59 
978.47 
1019.13 
1129.28 
1099.50 
1130.12 
1069.70 
Cv = 70.90 
926.95 
1082.44 
1176.13 
1156.78 
1169.24 
1102.31 
TxCv = NS 
875.31 
979.49 
1062.98 
1060.04 
1072.15 
N.B. : A uniform basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, DAS. for days after sowing and NS, for non-significant 
data. 
Table 34. Hflect of graded levels of basally applied P on leaf area index of four cullivars of 
linseed at three stages of growth (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
SODAS 
11) B 
Bp 
Bp 
B 
Bp«) 
Mean 
CD at 5% 
P45 
0.218 
0.257 
0.288 
0.290 
0.270 
0.265 
T = 0.014 
0.226 
0.288 
0.294 
0.287 
0.281 
0.275 
0.260 
0.318 
0.331 
0.345 
0.322 
0.315 
Cv = 0.013 
0.254 
0.294 
0.322 
0.316 
0.329 
0.303 
TxCv = ^NS 
0.240 
0.289 
0.310 
0.310 
0.301 
75 DAS 
Bp.. 
Bp„ 
Bp30 
Bp45 
Bp6„ 
Mean 
CD at 5% 
0.684 
0.864 
0.968 
0.970 
0.950 
0.887 
T = 0.050 
0.673 
0.829 
0.925 
0.952 
0.944 
0.865 
Cv = 
0.800 
0.982 
1.060 
1.090 
1.083 
0.997 
 0.045 
0.788 
0.967 
1.147 
1.119 
1.161 
1.036 
TxCv = = NS 
0.736 
0.911 
1.025 
1.033 
1.035 
100 DAS 
Bpo 
Bpis 
Bp3., 
Bp45 
Bp«, 
Mean 
CD at 5% 
1.320 
1.563 
1.741 
1.821 
1.766 
1.642 
T = 0.135 
1.396 
1.524 
1.567 
1.552 
1.616 
1.531 
Cv 
1.664 
1.733 
1.920 
1.868 
1.921 
1.821 
= 0.121 
1.576 
1.841 
1.999 
1.966 
1.988 
1.874 
TxCv = = NS 
1.489 
1.665 
1.807 
1.802 
1.823 
N.B. : A uniform basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, DAS, for days after sowing and NS, for non-significant 
data. 
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4.1.2.1.4 Fresh weight per plant 
The effect of phosphorus treatments on fresh weight, cultivar differences 
and their interactions were significant at all the three stages, except interaction 
effect at 50 DAS (Table 35). 
Graded levels of phosphorus up to 30 kg P/ha improved fresh weight 
linearly. No further increase was noticed by additional quantities. Application 
of 30 kg P/ha increased fresh weight per plant by 69.25%, 53.25% and 56.30% 
at 50, 75 and 100 DAS respectively over the control which had the lowest 
values. 
Cultivar Neelam performed best at all stages. However, it was at par with 
Shubhra at 75 DAS. Neelam gave 36.52%. 36.00% and 24.46% higher fresh 
weight at 50, 75 and 100 DAS respectively over Mukta that gave the lowest 
values. Mukta was. however, at par with Garima in its performance at 50 and 
100 DAS. 
At 75 DAS. interaction effects of 30. 45 and 60 kg P/ha with Neelam and 
of 30 and 45 kg P/ha with Shubhra were at par. At 100 DAS, 30 and 45 kg P/lia 
interacted equally well with Neelam. all other interaction effects showing low er 
fresh weight per plant. Interaction 30 kg PTia x Neelam enhanced fresh weight 
by 84.19% and 81.55% at 75 and 100 DAS respectively over 0 kg P/ha x 
Mukta that gave the lowest values like 0 kg P/ha x Garima or Neelam or Shubhra 
and e\en 15 kg P/ha x Mukta that showed parity with each other at the last two 
stages. The interaction effect was, however non-significant at 50 DAS. 
Table 35. Effect of graded levels of basally applied P on fresh weight per plant (g) of four 
cultivars of linseed at three stages of growth (Mean of three replicates) 
Treatments (T) 
(kglia) 
BK, 
Bp,5 
Bp30 
Bp.. 
Bp60 
Mean 
CD at 5% 
Garima 
16.23 
21.63 
29.62 
26.89 
31.21 
25.12 
T=1.99 
Mukta 
Cultivars (Cv) 
50 DAS 
17.62 
23.14 
27.59 
28.14 
26.21 
24.56 
Cv 
Neelam 
23.96 
32.16 
38.54 
37.14 
35.84 
33.53 
=1 .78 
Shubhra 
19.58 
29.42 
35.24 
36.29 
33.14 
30.73 
TxCv = NS 
Mean 
19.35 
26.59 
32.75 
32.12 
31.63 
75 DAS 
BK, 
Bp,5 
Bp30 
Bp45 
Bp60 
Mean 
CD at 5% 
33.58 
49.16 
53.63 
55.29 
56.51 
49.63 
T = 2.68 
32.63 
39.29 
43.63 
42.02 
45.00 
40.53 
40.23 
53.84 
60.10 
63.12 
58.29 
55.12 
Cv = 2.40 
36.29 
56.62 
61.28 
62.00 
56.59 
54.56 
TxCv = 
35.68 
49.73 
54.68 
55.61 
54.10 
= 5.37 
100 DAS 
Bpo 
Bp,. 
Bp3o 
Bp.. 
Bp.. 
Mean 
CD at 5% 
52.63 
63.82 
70.63 
69.51 
70.21 
65.36 
T-3.25 
49.26 
59.08 
69.73 
68.32 
68.00 
62.88 
50.68 
75.26 
89.43 
93.21 
85.89 
78.89 
Cv = 2.91 
48.62 
69.51 
84.69 
83.63 
86.04 
74.50 
TxCv = 
50.30 
66.92 
78.62 
78.67 
77.54 
= 6.50 
N.B. : A uniform basal dose of 30 kg P and 30 kg Klia was applied at sowing. 
B stands for basal fertiliser. DAS, for days after sowing and NS, for non-significant 
data. 
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4.1.2.1.5 Dry weight per plant 
The effect of phosphorus on dry weight per plant and cuhivar differences 
were significant at 50,75 and 100 DAS. However, interaction effect of treatment 
with cuhivars was significant at the first stage (50 DAS) only (Table 36). 
Increasing levels of phosphorus up to 30 kg P/ha enhanced dry weight 
per plant linearly during the vegetative growth of the crop. However, the two 
higher levels of phosphorus were only as effective as 30 kg P/ha at each of the 
three stages at which samples were taken. Application of phosphorus at 30 kg 
P/ha increased dry weight by 50.00%, 83.14% and 57.73% at 50, 75 and 100 
DAS respectively over the no-phosphorus control. 
Cultivar Neelam proved best at all stages of sampling. However, it was at 
par with Shubhra at 50 DAS. Neelam gave 43.43%. 37.47% and 36.49% higher 
dry weight at 50, 75 and 100 DAS respectively over Mukta which had the 
lowest dry weight. 
At 50 DAS. phosphorus at 30 (and 45) kg P/ha interacted best with Neelam 
and Shubhra. However, both these cultivars gave equally high performance 
with 45 and 60 kg P/ha. 30 kg P/ha x Neelam produced 81.16% more dr> 
weight than 0 kg P/ha x Garima which had the lowest dn.' weight. The interaction 
0 kg P/lia X Garima was at par with 0. 15 and 45 kg P^a x Mukta and 0 kg P/ 
ha X Neelam and Shubhra. 
4.1.2.1.6 Crop growth rate 
The effect of phosphorus treatments on this parameter and cultivar 
differences only were significant for the two duration (50-75 and 75-100 DAS); 
I'ablc ?6. I^ fTcct of graded lc\cls of basalK applied P on dr>' weight per plant (g) of four 
cultivars of linseed at three stages of growth (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
K 
Bp.. 
Bp3. 
B,... 
B,.., 
Mean 
CD at 5% 
Garima 
3.98 
5.08 
5.62 
5.89 
5.64 
5.24 
T = 0.31 
Mukta 
Cultivars (Cv) 
50 DAS 
4.02 
4.38 
4.59 
4.46 
5.00 
4.49 
Cv = 
Neelani 
4.09 
6.32 
7.21 
7.51 
7.06 
6.44 
= 0.28 
Shubhra 
4.16 
5.99 
6.93 
7.08 
6.84 
6.20 
TxCv= 0.63 
Mean 
4.06 
5.44 
6.09 
6.24 
6.14 
75 DAS 
B., 
B,.,. 
Bp3e, 
B... 
B,.„ 
Mean 
CD at 5% 
6.09 
9.86 
11.84 
10.99 
11.64 
10.08 
T = 0.81 
6.56 
9.23 
10.63 
9.69 
10.21 
9.26 
7.59 
12.16 
14.98 
14.63 
14.29 
12.73 
Cv = 0.72 
6.88 
11.02 
12.96 
13.21 
12.64 
11.34 
TxCv = = NS 
6.78 
10.57 
12.60 
12.13 
12.20 
100 DAS 
B., 
Bp. 
Bp. 
Bp.. 
Bp., 
Mean 
CD at 5% 
13.02 
16.64 
19.68 
20.40 
18.47 
17.74 
T = 
12.43 
17.00 
18.53 
18.68 
19.00 
17.13 
15.16 
21.21 
24.69 
25.96 
24.89 
23.38 
Cv = 0.99 
13.98 
19.58 
23.22 
23.78 
24.00 
20.91 
TxCv-
13.65 
18.61 
21.53 
22.21 
21.72 
= NS 
N.B. : A uniform basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, DAS. for days after sowing and NS, for non-significant 
data. 
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but their interaction effects were non-significant for both the durations (Table 37). 
For 50-75 DAS, increasing levels of phosphorus upto 30 kg P/ha increased 
CGR linearly.Thereafter, no further increase was observed.Addition of 30 kg 
P/ha gave 139.46% higher rate than the control.However, for 75-100 DAS, the 
linear enhancement was noticed up to 45 kg P/ha. This treatment proved as 
effective as 60 kg P/ha on the one hand and 30 kg P/ha, on the other. Application 
of 45 kg P/ha was 46.68 and of 30 kg P/ha 29.98% more effective than the no-
phosphorus control as far as CGR was concerned during the later period of 
vegetative growth (75-100 DAS). 
Among cultivars. Neelam proved best for both durations. However, it 
was at par with Shubhra for the second duration. Neelam had 25.54% and 
22.62% more CGR for the first and second duration respectively over Mukta 
that gave the lowest value. However, Mukta was at par with Garima and Shubhra 
for the first duration and with Garima only for the second duration. 
4.1.2.1.7 Net assimilation rate 
The effect of phosphorus treatments on this parameter and cultivar 
differences were significant for the first interval (50-75 DAS) only. However, 
their interaction effects for both the durations were non-significant (Table 38). 
During 50-75 DAS duration, addition of 15-60 kg P/ha proved equally 
effective. Application of 15 and 30 kg P/ha enhanced the net assimilation rate 
respectively by 46.71% and 69.39% over the no-phosphorus control: A non-
significant efifect of phosphorus on NAR was, however, observed for 75-100 DAS. 
Table 37. Effect of graded levels of basalK applied P on crop growth rate (g/m- land area' 
day) of four cultivars of linseed for two durations (Mean of three replicates) 
Treatments (T) 
(kg/lia) 
B,>o 
Bp , . 
Bp30 
Bp.3 
Bp60 
Mean 
CD at 5% 
Bp(, 
Bp,5 
Bp3o 
Bp.. 
Bp., 
Mean 
CD at 5% 
Garima 
1.43 
3.25 
4.23 
3.47 
4.08 
3.29 
T = 0.61 
4.71 
4.61 
5.34 
6.39 
4.98 
5.21 
T = 0.64 
Mukta 
Cultivars (Cv) 
Neelani 
50-75 DAS 
1.73 
3.30 
4.11 
3.55 
3.54 
3.25 
75-
4.00 
5.29 
5.37 
6.12 
5.98 
5.35 
Cv = 
2.38 
2.98 
5.29 
4.85 
4.91 
4.08 
= 0.55 
100 DAS 
Cv 
5.15 
6.15 
6.60 
7.70 
7.21 
6.56 
= 0.57 
Shubhr£ 
1.85 
3.42 
4.10 
4.17 
3.94 
3.50 
TxCv = 
4.83 
5.81 
6.97 
7.19 
7.72 
6.50 
TxCv = 
1 
NS 
NS 
Mean 
1.85 
3.24 
4.43 
4.01 
4.12 
4.67 
5.47 
6.07 
6.85 
6.47 
N.B. : A uniform basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. DAS. for da_\ s after sowing and NS. for non-significant 
data. 
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Regarding the cultivars, Neelam proved superior during the 50-75 DAS 
period. Neelam gave 23.18% higher NAR value than Shubhra which had the 
lowest value. Cultivar differences for the other interval were not significant. 
4.1.2.1.8 Relative growth rate 
The effect of phosphorus treatments on this parameter for both durations 
and cultivar differences for the first interval only were significant. However. 
Treatment x Cultivar interaction effects were found non-significant (Table 39). 
For the first duration (50-75 DAS), 15 kg P/ha treatment proved optimum 
as its effect on RGR was at par with that of the other two higher doses. 
Phosphorus at 15 kg P/ha was 33.17% more effective than the no-phosphorus 
control. However, during the second interval, although all phosphorus treatments 
were at par, they gave a lower value than the control. 
For 50-75 DAS, cultivars Mukta, Neelam and Garima, being equal in 
performance, showed a higher RGR than Shubhra. However, the latter two 
were also equal to Shubhra. Mukta gave 19.15% higher value than Shubhra. 
4,1.2.2 Enzyme activities 
The data on the two enz>mes. carbonic anhydrase and nitrate reductase, 
are considered below. 
4.1.2.2.1 Carbonic anhydrase activity 
.— The effect of phosphorus treatments on the activity of this enzvme and 
• Unifets^i! 
Table 38. Effect of graded levels of basally applied P on net assimilation rate (g/m- leaf 
arca'day) of four cultivars of linseed for tu'o durations (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Bpo 
Bp. 
Bp30 
Bp. 
Bp60 
Mean 
CD at 5% 
B,., 
Bp. 
Bp,(, 
Bp.. 
Bp6(, 
Mean 
CD at 5% 
Garima 
3.53 
6.48 
7.56 
6.17 
7.54 
6.26 
T = 1.24 
4.96 
3.94 
4.06 
4.76 
3.80 
4.30 
T = N S 
Mukta 
Cultivars (Cv) 
Neelam 
50-75 DAS 
4.23 
6.59 
7.46 
6.42 
6.53 
6.24 
Cv = 
5.00 
6.76 
8.51 
7.49 
7.85 
7.12 
= 1.02 
75-100 DAS 
4.05 
4.71 
4.48 
5.00 
4.80 
4.61 
Cv 
4.37 
4.71 
4.56 
5.36 
4.93 
4.79 
= N S 
Shubhra 
3.87 
6.04 
6.33 
6.64 
6.00 
5.78 
TxCv = NS 
4.29 
4.31 
4.57 
4.77 
5.05 
4.60 
TxCv = NS 
Mean 
4.41 
6.47 
7.47 
7.43 
7.48 
4.42 
3.67 
4.42 
5.47 
4.65 
N.B.: A uniform basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, DAS, for days after sowing and NS. for non-significant 
data. 
Tabic 39. Effect of graded le\e!s of basally applied P on relative growth rate (mg'g/day) of 
four cultivars of linseed for two durations (Mean of three replicates) 
Treatments (T) 
(kglia) 
Bpo 
Bp,. 
Bp30 
Bp. 
Bp., 
Mean 
CD at 5% 
Bp. 
Bp,. 
Bp30 
Bp.. 
Bp60 
Mean 
CD at 5% 
Garima 
16.04 
26.33 
29.82 
24.92 
28.96 
25.21 
T = 4.75 
31.37 
21.08 
20.28 
24.74 
19.53 
23.40 
T=3.13 
Mukta 
Cultivars (Cv) 
Neelam 
50-75 DAS 
19.50 
29.23 
33.20 
30.98 
28.64 
28.31 
75-1 
25.69 
24.96 
22.59 
26.28 
24.85 
24.87 
Cv = 
24.66 
26.13 
29.37 
26.67 
28.21 
27.01 
4.10 
!00 DAS 
Cv 
27.75 
22.29 
19.95 
22.91 
22.12 
23.00 
= NS 
Shubhra 
19.70 
24.36 
25.02 
25.11 
24.56 
23.76 
TxCv = NS 
28.76 
22.99 
23.34 
23.44 
25.63 
24.83 
TxCv = NS 
Mean 
20.47 
27.26 
29.35 
26.68 
27.59 
27.64 
22.58 
21.54 
23.59 
22.53 
N.B.: A uniform basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, DAS, for days after sowing and NS, for non-significant 
data. 
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cultivar differences were significant at all three stages. However, their interaction 
effect was found non-significant at each stage (Table 40). 
Application of 15 kg P/ha proved optimum at the first sampling (50 DAS) 
as its effect was at par with that of the higher phosphorus treatments. Phosphorus 
at 15 and 30 kg P/ha gave 10.33% and 14.35% higher activity respectively 
than the no-phosphorus control. At 75 and 100 DAS, no definite pattern was 
observed; but application of 30 kg P/ha did result in higher carbonic anhydrase 
activity than 0 kg P/ha. 
Cultivar Neelam had maximum enzyme activity at each stage of sampling. 
It gave 34.95% and 15.24% higher enzyme activity than the lowest performing 
cultivar Mukta at 50 and 75 DAS respectively. At the last stage (100 DAS), 
however, Garima took the place of Mukta and Neelam exhibited 72.43 % higher 
activity than Garima. 
4.1.2.2.2 Nitrate reductase activity 
Only cultivar differences were significant at all the stages of sampling 
(Table 41). 
Neelam proved best at each stages of sampling. Its performance was. 
however, at par with Garima at the later two stages. Neelam showed 35.16%. 
31.18% and 50.00% higher NRA at 50, 75 and 100 DAS respectively than 
Mukta which exhibited the poorest performance. 
4.1.2.3 NPK content of leaves 
Leaf phosphorus content only was affected significantly and that too by 
Tabic 40. Lfiect of graded le\cls of basally applied P on carbonic anhydrase activity (|i mol 
CO,/kg leaf fresh matter/s) of four culti vars of linseed at three stages of grovvlh 
(Mean of three replicates) 
Treatments (T) 
(kg/lia) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
50 DAS 
Bp 
Bp 
B 
Bp60 
Mean 
CD at 5% 
l'45 
371.13 
388.41 
395.36 
400.19 
397.74 
390.57 
T = 32.29 
341.24 
379.68 
400.51 
406.54 
397.81 
385.16 
Cv = 
460.38 
528.71 
536.86 
543.62 
529.25 
519.76 
 28.88 
400.19 
438.65 
465.90 
459.18 
468.29 
446.44 
TxCv = NS 
393.24 
433.86 
449.66 
452.3^ 
448.27 
75 DAS 
B,.., 
Bp,. 
Bp3» 
Bp. , 
Bp60 
Mean 
CD at 5% 
416.20 
437.69 
459.74 
460.31 
465.84 
447.96 
T = 38.57 
359.31 
379.67 
416.59 
429.14 
413.50 
399.64 
C 
483.25 
519.68 
563.30 
572.91 
565.35 
540.90 
v = 34.59 
471.37 
489.44 
523.30 
531.49 
529.51 
509.02 
TxCv = NS 
432.53 
456.62 
490.73 
498.46 
493.47 
100 DAS 
B., 
B, 
Pn 
B,„. 
B... 
Bp.,, 
Mean 
CD at 5% 
180.27 
169.18 
188.61 
210.56 
198.83 
189.49 
T= 18.45 
203.36 
218.91 
208.34 
220.24 
214.12 
212.99 
Cv 
298.30 
323.41 
338.63 
343.60 
330.13 
326.81 
= 16.51 
263.50 
288.83 
318.61 
300.34 
320.92 
298.44 
TxCv = NS 
236.36 
250.08 
263.55 
268.69 
266.00 
N.B. : A uniform basal dose of 90 kg N and 30 kg KTia was applied at sowing. 
B stands for basal fertiliser. DAS. for days after sowing and NS, for non-significant 
data. 
Tabic 41. Effect of graded levels of basally applied P on nitrate reductase activit) {^x mol 
NO,/h/g leaf fresh weight) of four cultivars of linseed at three stages of growth 
(Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
50 DAS 
B,. 
Bp 
B 
Bp60 
Mean 
CD at 5% 
P45 
0.521 
0.614 
0.595 
0.568 
0.681 
0.596 
T = NS 
0.586 
0.613 
0.522 
0.639 
0.654 
0.603 
0.861 
0.859 
0.798 
0.836 
0.724 
0.815 
Cv = 0.031 
0.735 
0.661 
0.783 
0.652 
0.799 
0.726 
TxCv = = NS 
0.676 
0.687 
0.675 
0.674 
0.715 
75 DAS 
Bp., 
Bp,, 
Bp30 
Bp.. 
Bp60 
Mean 
CD at 5% 
0.616 
0.743 
0.662 
0.789 
0.721 
0.883 
T = NS 
0.668 
0.616 
0.791 
0.765 
0.638 
0.696 
0.952 
0.891 
0.968 
0.833 
0.922 
0.913 
Cv-0.052 
0.825 
0.786 
0.764 
0.849 
0.791 
0.803 
TxCv = NS 
0.765 
0.759 
0.796 
0.809 
0.768 
100 DAS 
BR, 
Bp. 
Bp,. 
B,M< 
Bp., 
Mean 
CD at 5% 
0.294 
0.251 
0.268 
0.296 
0.279 
0.278 
T - N S 
0.281 
0.253 
0.268 
0.256 
0.271 
0.266 
0.362 
0.442 
0.381 
0.429 
0.375 
0.399 
Cv = 0.028 
0.296 
0.311 
0.344 
0.261 
0.293 
0.322 
TxCv = = NS 
0.310 
0.314 
0.315 
0.336 
0.306 
N.B. : A uniform basal dose of 90 kg N and 30 kg K/ha was applied at sowing 
B stands for basal fertiliser, DAS. for days after sowing and NS, for non-significant 
data. 
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phosphorus treatments only at each of the three stages at which samples were 
analysed. 
4.1.2.3.1 Leaf nitrogen content 
As indicated above, the effect of phosphorus treatments on leaf nitrogen 
content, cultivar differences as well as interaction effects of treatments with 
cultivars at each stage (50, 75 and 100 DAS) were non-significant (Table 42). 
4.1.2.3.2 Leaf phosphorus content 
The effect of phosphorus treatments on this parameter was significant at 
all stages. However, cultivar differences and interaction of cultivars with 
treatments were found non-significant (Table 43). 
Increasing levels of phosphorus up to 30 kg P/ha increased the leaf 
phosphorus content at the first two stages. However, at 100 DAS,the increase 
in leaf phosphorus content was observed up to 45 kg P/ha. The application of 
30 kg P/ha increased leaf phosphorus content by 20.40% and 17.78% over the 
no-phosphorus control at 50 and 75 DAS respectively. Application of 45 and 
30 kg P/ha gave 22.79% and 15.81% higher leaf phosphorus content o\er the 
control at 100 DAS. 
4.1.2.3.3 Leaf potassium content 
Like the leaf nitrogen content, potassium content was also affected non-
significantly by phosphorus treatments. Similarly, cultivar differences and their 
interaction effect with treatments were non-significant at each stage (Table 44). 
I able 42. 1-ITcct ol graded levels of basally applied P on leaf nitrogen content (per cent dr\ 
weight) of four cultivars of linseed at three stages of growth (Mean of three 
replicates) 
Treatments (T) 
(kg.Tia) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
SODAS 
B, 
B„ 
B,.< 
B,.60 
Mean 
CD at 5% 
2.43 
2.38 
2.59 
2.53 
2.39 
2.46 
T = NS 
2.35 
2.56 
2.43 
2.30 
2.45 
2.42 
Cv = 
2.43 
2.56 
2.41 
2.65 
2.56 
2.52 
 NS 
2.38 
2.63 
2.58 
2.59 
2.48 
2.53 
TxCv = 
2.40 
2.53 
2.50 
2.52 
2.47 
= NS 
75 DAS 
B,,, 
Bp. 
Bp,. 
B,M. 
B,. . 
Mean 
CD at 5% 
2.39 
2.26 
2.11 
2 32 
2.26 
2.27 
T = NS 
2.10 
2.39 
2.18 
2.49 
2.38 
2.31 
Cv = 
2.16 
2.38 
2.29 
2 12 
2.21 
2.23 
= NS 
2.22 
2.13 
2.34 
2.11 
2.25 
2.21 
TxCv = NS 
2.22 
1.29 
2.23 
2.26 
2.28 
100 DAS 
BK, 
Bp„ 
Bp. 
Bp.. 
Bp. 
Mean 
CD at 5% 
1.76 
1.93 
1.70 
1.81 
1.98 
1.84 
T = NS 
1.69 
1.88 
1.86 
1.69 
1.76 
1.78 
1.86 
1.99 
1.76 
1.94 
1.86 
1.88 
Cv = NS 
1.83 
1.75 
1.83 
1.96 
1.75 
1.82 
TxCv = NS 
1.79 
1.89 
1.79 
1.85 
1.84 
N.B. : A unifoirn basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal feniliser. DAS. for days after sowing and NS. for non-significant 
data. 
Tabic 43. I-.fl"ect of graded lc\cls of basally applied P on leaf phosphorus content (per cent 
dr> weight) of four culti\ars of linseed at three stages of growth (Mean of three 
replicates) 
Treatments (T) 
(kgTia) 
K 
Bp. 
B,... 
Bp.. 
Bp60 
Mean 
CD at 5% 
Garima 
0.241 
0.279 
0.301 
0.296 
0.295 
0.282 
T = 0.018 
Mukta 
Cultivars (Cv) 
50 DAS 
0.250 
0.268 
0.268 
0.296 
0.301 
0.280 
Cv = 
Neelam 
0.246 
0.290 
0.306 
0.311 
0.309 
0.292 
= NS 
Shubhra 
0.263 
0.285 
0.311 
0.304 
0.311 
0.295 
TxCv = NS 
Mean 
0.250 
0.281 
0.301 
0.302 
0.304 
75 DAS 
B,. 
Bp. 
Bp3. 
Bp.. 
Bp6(, 
Mean 
CD at 5% 
0.219 
0.238 
0.256 
0.283 
0.273 
0.255 
T = 0.015 
0.234 
0.239 
0.259 
0.268 
0.268 
0.254 
0.219 
0.258 
0.261 
0.275 
0.285 
0.259 
Cv = NS 
0.226 
0.246 
0.285 
0.293 
0.291 
0.268 
TxCv = = NS 
0.225 
0.245 
0.265 
0.280 
0.279 
100 DAS 
Bpo 
Bp. 
Bp.: 
B,,, 
t -•> 
B., 
Mean 
CD at 5°o 
0.214 
0.230 
0.248 
0.259 
0.269 
0.244 
T = 0.013 
0.221 
0.231 
0.248 
0.263 
0.259 
0.244 
0.205 
0.238 
0.249 
0.268 
0.260 
0.243 
Cv = NS 
0.219 
0.229 
0.252 
0.263 
0.265 
0.246 
TxCv = = NS 
0.215 
0.232 
0.249 
0.264 
0.263 
N.B. : A uniform basal dose of 90 kg N and 30 kg KTia was applied at sowing. 
B stands for basal fertiliser. DAS. for days after sowing and NS, for non-significant 
data. 
Tabic 44. IfTccl of graded le\cls ol'basall) applied P on leaf potassium content (per cent 
dr\ weight) of four culti\ars of linseed at three stages of growth (Mean of three 
replicates) 
Treatments 
(kglia) 
K 
B,.s 
B p 3 . 
B... 
Bp60 
Mean 
CD at 5% 
(T) 
Garima 
2.30 
2.29 
2.49 
2.43 
2.31 
2.36 
T = NS 
Mukt 
2.24 
2.43 
2.34 
-> 23 
2.37 
2.32 
Cultivars (Cv) 
a 
50 DAS 
Cv = 
Neelam 
2.30 
2.45 
2.34 
2.55 
2.47 
2.42 
= NS 
Shubhra 
2.27 
2.51 
2.49 
2.49 
2.40 
2.43 
T x C v - NS 
Mean 
2.28 
2.42 
2.41 
2.42 
2.39 
75 DAS 
B, . 
Bp,. 
Bp30 
Bp.. 
Bp6„ 
Mean 
CD at 5% 
2.24 
2.15 
2.03 
2.24 
2.18 
2.17 
T = NS 
2.01 
2.26 
2.10 
2.37 
2.28 
2.20 
Cv = 
2.05 
2.27 
2.19 
2.06 
2.14 
2.14 
= NS 
2.10 
2.04 
2.26 
2.07 
2.19 
2.13 
TxCv - N S 
2.10 
2.18 
2.15 
2.18 
2.20 
100 DAS 
Bp. 
Bp. 
BP3. 
Bp. 
Bp,., 
Mean 
CD at 5% 
1.70 
1.86 
1.68 
1.78 
1.93 
1.79 
T = NS 
1.64 
1.82 
1.81 
1.68 
1.74 
1.74 
Cv = 
1.78 
1.92 
1.73 
1.89 
1.82 
1.83 
 NS 
1.76 
1.70 
1.79 
1.91 
1.73 
1.78 
TxCv = - N S 
1.72 
1.82 
1.75 
1.82 
1.81 
N.B. : A tinifomi basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. DAS. for da\ s after sowing and NS, for non-significant 
data. 
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4.1.2.4 Yield characteristics 
Application of phosphorus affected most yield parameters significantly. 
Cultivar differences were also significant for many characters; but interaction 
effects were non-significant. 
4.1.2.4.1 Fibre content per plant 
The effect of phosphorus treatments on the fibre content and cultivar 
differences were found significant. However, their interaction effect was found 
non-significant (Table 45). 
Increasing levels of phosphorus up to 30 kg P/ha increased fibre content 
linearly like the remaining higher doses of phosphorus that gave equal value. 
Application of phosphorus at 30 kg P/ha gave 45.56% higher fibre content 
than the no-phosphorus control which had the lowest value. 
Cultivars Neelam and Shubhra, being at par, gave the highest values. 
Neelam had 44.88% more fibre content than Garima that had the lowest fibre content. 
4.1.2.4.2 Capsules per plant 
The effect of phosphorus treatments on this parameter was significant. 
So were cultivar differences (Table 46). 
The graded levels of phosphorus up to 30 kg P/ha improved number of 
capsules per plant linearly. Thereafter, no further increase was observed. 
Application of 30 kg P/ha enhanced capsules per plant by 42.72% over the 
no-phosphorus control that gave the minimum value. 
Table 45. Effect of graded levels of basalK applied P on fibre content per plant (g) of four 
cultivars of linseed at harvest (Mean of three replicates) 
Treatments (T) 
(kg^a) 
Bp. 
B,.,. 
Bp3. 
B,M. 
B,>«, 
Mean 
CD at 5% 
Garima 
0.642 
0.941 
1.019 
1.102 
1.030 
0.947 
T = 0.080 
Cultivars (Cv) 
Mukta 
0.700 
0.973 
1.180 
1.082 
1.108 
1.009 
Cv = 
Neelam 
1.068 
1.221 
1.475 
1.552 
1.543 
1.372 
= 0.072 
Shubhra 
1.100 
1.151 
1.439 
1.529 
1.532 
1.350 
TxCv = 
Mean 
0.878 
1.072 
1.278 
1.316 
1.303 
NS 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing B stands 
for basal fertiliser and NS. for non-significant data.and NS, for non-significant 
data. 
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Cultivar Neelam proved best and produced 61.77% more capsules than 
Garima which gave the lowest value. 
4.1.2.4.3 Seeds per capsule 
Only the effect of phosphorus treatments on this parameter was found 
significant (Table 47). 
Increasing levels of phosphorus up to 30 kg P/ha increased seeds per 
capsule. This effect was, however, at par with those of higher doses of appliefi 
phosphorus. Phosphorus at 30 kg P/ha gave 15.31% more seeds per capsule 
than the control which had the lowest value. 
4.1.2.4.4 1,000-seed weight 
Like the number of seeds per capsule, the effect of phosphorus treatments 
onl\ was found significant on 1.000-seed weight (Table 48). 
Phosphorus application at 30,45 and 60 kg P/ha, being at par, gave higher 
values than the control, that was, however, at par with 15 kg P/ha. Phosphorus 
at 30 kg P/ha increased 1,000-seed weight by 7.52% over the control that gave 
the lowest value. 
4.1.2.4.5 Seed yield 
The effect of phosphorus treatments on seed yield and cultivar differences 
were significant. However, their interaction effect was non-significant (Table 49). 
Increasing levels of phosphorus up to 30 kg P/ha increased seed yield 
linearly. The effect of the application of phosphorus at 30 kg P/ha was at par 
Table 46. Effect of graded levels of basalh applied P on capsule number per plant of four 
cultivars of linseed atharxest (Mean of three replicates) 
Treatments (T) 
(kg ha) 
B . 
B p . 
B,.3. 
Bp.. 
Bp«, 
Mean 
CD at 5% 
Garima 
69.33 
82.67 
96.00 
100.33 
94.00 
70.47 
T=5.14 
Mukta 
60.00 
71.33 
86.67 
90.67 
84.00 
78.53 
Cultivars (Cv) 
Neelam 
86.33 
105.67 
128.67 
129.00 
120.33 
114.00 
Cv = 4.60 
Shubhra 
80.00 
99.00 
118.67 
115.33 
123.67 
107.33 
TxCv = NS 
Mean 
73.92 
89.67 
107.50 
108.83 
105.50 
N.B. : A unifomi basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser and NS, for non-significant data. 
Table 47. Effect of graded levels of basalK applied P on seed number per capsule of four 
cultivars of linseed at harvest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
B„ 
Bp3C, 
P4< B 
Mean 
CD at 5% 
7.21 
7.69 
8.76 
9.00 
8.50 
8.23 
T = 0.40 
7.65 
8.45 
8.92 
8.65 
9.00 
8.53 
7.83 
8.25 
8.90 
9.23 
8.56 
8.55 
Cv = NS 
7.88 
8.00 
8.64 
8.35 
8.61 
8.30 
TxCv 
7.64 
8.10 
8.81 
8.81 
8.67 
= NS 
N.B. : A luiiform basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser and NS. for non-significant data. 
Table 48. Effect of graded levels of basalh applied P on 1,000 seed weight (g) of four 
cultivars of linseed athanest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
B., 
Bp,, 
Bp30 
Bp.. 
Bp«, 
Mean 
CD at 5% 
Garima 
7.69 
8.10 
8.40 
8.38 
8.62 
8.24 
T = 0.39 
Mukta 
7.91 
8.08 
8.32 
8.26 
8.32 
8.18 
Cultivars (Cv) 
Cv 
Neelam 
7.96 
8.14 
8.62 
8.76 
8.80 
8.46 
= NS 
Shubhra 
7.83 
8.02 
8.43 
8.28 
8.50 
8.21 
TxCv = NS 
Mean 
7.85 
8.09 
8.44 
8.42 
8.56 
N.B. : A uniform basal dose of 90 kg N and 30 kg K,/ha was applied at sowing. 
B stands for basal fertiliser and NS. for non-significant data. 
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with 45 or 60 kg P/ha in this regard. It gave 40.04% higher seed yield.than the 
control that gave lowest yield. 
CultivarNeelam, having parity with Shubhra, proved superior to the other 
two cultivars. Neelam gave 33.49% higher seed yield than Garima (equalled 
by Mukta) that gave the lowest value. 
4.1.2.4.6 Biological yield 
The effect of phosphorus treatments was found significant on this 
parameter but cultivar differences and their interaction effect with treatments 
were non-significant (Table 50). 
Application of phosphorus up to 30 kg P/ha increased the biological yield 
linearly. The treatment was at par w ith higher doses. Application of phosphorus 
at 30 kg P/ha enhanced biological yield b\ 32.02% over the control that gave 
the lowest value. 
4.1.2.4.7 Harvest index 
The effect of phosphorus treatments, and cultivar differences, alone as 
well as in combination, were found non-significant (Table 51). 
4.1.2.4.8 Oil content 
The effect of phosphorus treatments on the oil content of seeds was 
significant. However, the interaction effect as also cultivar differences were 
found non-significant (Table 52). 
All levels of applied phosphorus increased oil content, being at par with 
I able 49. Hffect of graded levels of basalK applied P on seed yield (kglia) of four cultivars 
of linseed athar\est (Mean of three replicates) 
Treatments (T) 
(kglia) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
B„ 894.67 843.00 1091.67 1104.00 983.34 
B p . 
B„ 
986.00 
1143.33 
1016.33 
1296.00 
1248.67 
1572.33 
1215.33 
1496.67 
16.58 
1377.08 
B,M. 
Mean 
CD at 5% 
1121.33 
180.00 
1065.07 
T = 76.74 
,89.33 
1200.67 
1109.07 
1632.00 
564.00 
1421.73 
Cv = 68.74 
1602.33 
1596.33 
1402.93 
TxCv = NS 
386.25 
1385.25 
N.B. : A uniform basal dose of 90 kg N and 30 kg KTia was applied at sowing. 
B stands for basal fertiliser and NS, for non-significant data. 
Table 50. Effect of graded levels of basally applied P on biological yield (kg/ha) of four 
cultivars of linseed at harvest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
K 
Bp. 
Bp30 
Bp. 
Bp«, 
Mean 
CD at 5% 
Garima 
2637.00 
2833.67 
3167.00 
3122.67 
3251.33 
3002.33 
7=254.18 
Cultivars (Cv) 
Mukta 
2477.00 
2936.33 
3600.67 
3293.00 
3370.00 
3135.40 
Neelam 
3247.67 
3649.00 
4403.33 
4633.67 
4469.00 
4080.53 
Cv=NS 
Shubhra 
3357.00 
3461.67 
4299.67 
4564.00 
4573.33 
4051.13 
TxCv= NS 
Mean 
2929.67 
3220.17 
3867.67 
3903.34 
3915.92 
N.B. : A uniform basal dose of 90 kg N and 30 kg K^a was applied at sowing. 
B stands for basal fertiliser and NS, for non-significant data. 
Table 51. Effect of graded levels of basally applied P on harvest index (per cent w/W basis) 
of four cultivars of linseed at har\est (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
K 
B,M. 
Bp30 
B,M. 
B|-60 
Mean 
CD at 5% 
Garima 
34.22 
35.54 
36.51 
36.11 
36.49 
35.77 
T = NS 
Mukta 
34.44 
35.71 
36.59 
36.31 
35.78 
35.77 
Cultiv 
Cv = 
ars (Cv) 
Neelam 
33.62 
34.28 
35.77 
35.32 
35.20 
34.84 
 NS 
Shubhra 
32.84 
35.26 
34.92 
35.13 
35.01 
34.63 
TxCv = NS 
Mean 
33.78 
35.20 
35.95 
35.72 
35.62 
N.B. : A uniform basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser and NS, for non-significant data. 
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each other in this regard. Addition of 15 kg P/ha was however, equalled by the 
control also. 30 kg P/ha gave 7.82% higher oil content than the no-phosphorus 
control that gave the lowest value for this parameter. 
4.1.2.4.9 Oil yield 
When computed on the basis of seed yield and seed oil content, the effect 
of phosphorus treatments on oil yield and cultivar differences were found 
significant. However, their interaction effect was found non-significant (Table 53). 
Increasing levels of phosphorus up to 30 kg P/ha increased oil yieUl 
gradually, while the two higher doses of phosphorus proved equally effective. 
Phosphorus at 30 kg P/ha gave 51.20% higher oil yield than the control which 
had the lowest value. 
Cultivar Neelam. being at par with Shubhra, gave higher value than Garima 
that was equalled by Mukta. Neelam produced 31.47% more oil per hectare 
than Garima that gave the lowest value. 
4.1.2.5 Quality characteristics of the oil 
The data regarding iodine value and fatty acid composition of the oil 
extracted from the seeds harvested m Experiment 2 are briefly considered 
below. 
4.1.2.5.1 Iodine value 
The effect of phosphorus application on this parameter was significant. 
So were cultivar differences. However, their interaction effect was found non-
significant (Table 54). 
Table 52. Effect of graded le\els of basally applied P on oil content (per cent wAV basis) of 
four culti\ars of linseed at har\'est (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
B., 
B p . 
Bp3(, 
Bp., 
Bp., 
Mean 
CD at 5% 
Garima 
36.91 
38.00 
39.62 
40.28 
39.49 
38.86 
T = 2.34 
Mukta 
37.10 
38.22 
39.19 
39.55 
39.58 
38.73 
Cultivars (Cv) 
Cv 
Neelam 
36.18 
37.60 
39.38 
39.16 
38.74 
38.21 
= NS 
Shubhra 
35.58 
37.45 
38.98 
39.26 
38.83 
38.02 
TxCv = NS 
Mean 
36.44 
37.82 
39.29 
39.56 
39.16 
N.B. : A uniform basal dose of 90 kg N and 30 kg KTia was applied at sowing. 
B stands for basal fertiliser and NS, for non-significant data. 
Table 53. Effect of graded levels of basally applied P on oil yield (kg/ha) of four cultivars 
of linseed at har\est (Mean of three replicates) 
Treatments 
(kglia) 
K 
B p . 
Bp30 
Bp.. 
Bp„, 
Mean 
CD at 5% 
(T) 
Garima 
330.22 
374.68 
452.98 
451.67 
465.98 
415.11 
T - 35.95 
1 
Mukta 
312.75 
388.44 
507.90 
470.38 
475.22 
430.94 
Cultivars (Cv) 
Cv = 
Neelam 
394.97 
469.50 
619.18 
639.09 
605.89 
545.73 
 32.16 
Shubhra 
392.80 
454.02 
583.25 
629.07 
619.85 
535.80 
TxCv = NS 
Mean 
357.69 
421.66 
540.83 
547.55 
541.74 
N.B. : A unifomi basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser and NS, for non-significant data. 
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In general, application of phosphorus decreased the iodine value. Thus, 
phosphorus treatments 30,45 and 60 kg P/ha were at par. However, 30 kg P/ha 
was also equalled by 15 kg P/ha which itself had parity with the control. 
Phosphorus at 30 kg P/ha gave 15.36% lower iodine value than the control. 
Cultivar Neelam, Garima and Shubhra (being at par) gave higher iodine 
value than Mukta. Neelam had 16.67% higher value than Mukta that gave the 
lowest value. 
4.1.2.5.2 Fatty acid composition 
Of the five fatty acids analysed (palmitic, stearic, oleic, iinoleic and 
linolenic). only oleic and linolenic acids were affected significantly and these 
also by phosphorus treatments alone, cultivar differences and Treatment x 
Culti\ar interaction effects being non-significant with regard to fatty acid 
composition (Table 55). 
4.1.2.5.2.1 Oleic acid 
Increasing levels of phosphorus up to 30 kg P/ha increased oleic acid 
content linearly. However, the treatment was at par with 45 and 60 kg P/ha in 
this regard. Phosphorus at 30 kg P/ha gave 17.15% higher value than the control 
that gave the lowest value. 
4.1.2.5.2.2 Linolenic acid 
Production of linolenic acid was retarded by the application of phosphorus, 
the no-phosphorus control and 15 kg P/ha, being at par, giving the highest 
Table 54. Effect of graded levels of basally applied P on iodine value of four cultivars of 
linseed at ban est (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
K, 
B , > . 
Bpx, 
B,.45 
Bp60 
Mean 
CD at 5% 
Garima 
207.61 
200.80 
169.41 
165.53 
163.26 
181.32 
T= 14.91 
( 
Mukta 
186.89 
165.54 
158.39 
160.41 
155.70 
165.39 
Cultivars (Cv) 
Cv 
Neelam 
212.00 
200.48 
183.59 
187.64 
181.10 
192.96 
= 13.34 
Shubhra 
200.35 
186.10 
171.50 
180.26 
170.19 
181.67 
TxCv = NS 
Mean 
201.71 
188.23 
170.72 
173.46 
167.56 
N.B. : A unifoim basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser and NS. for non-significant data. 
Table 55. Effect of graded levels of basally applied P on fatty acid composition of four 
cultivars of linseed at harvest (Mean of three replicates) 
Treatments(T) 
(kg N/ha) 
Bp„ 
Bp„ 
Bp30 
%. 
ISpM 
Mean 
CD at 5% 
Bpo 
Spi< 
Bp3„ 
Bp. 
BpM 
Mean 
CD at 5% 
Bpo 
Bp,, 
Sp30 
Bp., 
BpM 
Mean 
CD at 5% 
Bp„ 
Bp„ 
Bp:,o 
Bp., 
BpM 
Mean 
CD at 5% 
Bpo 
Bp„ 
Bp30 
Bp., 
Bp« 
Mean 
CD at 5% 
Gar ima 
6.55 
6.25 
6.26 
6.54 
6.42 
6.40 
T=NS 
6.89 
6.80 
653 
6.82 
665 
6.74 
T=NS 
21.91 
23.00 
25.34 
24.86 
25.80 
24.18 
T= 1.21 
16.16 
14.71 
14.00 
14.29 
15.30 
15.06 
T = NS 
48.49 
49.54 
47.65 
47.41 
45.80 
47.78 
T= 2.12 
Cultivars (Cv) 
Mukta Neelam 
6.12 
5,99 
5.93 
6.19 
6.12 
6.07 
7.04 
6.90 
6.80 
7.05 
6.89 
6.94 
21.85 
23.46 
25.83 
25.60 
26.87 
24.72 
16.69 
15.61 
14.40 
15.53 
15.23 
15.49 
48.30 
48.04 
47.00 
45.63 
44.89 
46.77 
Palmitic acid 
5.65 
5.99 
5.77 
6.07 
5.99 
5.89 
Cv = NS 
Stearic acid 
7.46 
7.40 
7.24 
7.63 
7.43 
7.43 
Cv = NS 
Oleic acid 
21.09 
23.00 
25.08 
25.34 
25.90 
24.08 
Cv = NS 
Linoleic acid 
16.18 
14.78 
14.21 
15.00 
14.48 
14.93 
Cv = NS 
Linolenic acid 
49.62 
48.78 
47.66 
45.89 
46.20 
47.63 
Cv = NS 
Shubhra 
6.27 
6.25 
6.10 
6.41 
6.27 
6.26 
TxCv = 
7.31 
7.30 
6.97 
7.40 
7.19 
7.23 
21.21 
22.53 
24.57 
24.49 
24.91 
23.54 
TxCv = 
15.47 
13.60 
14.21 
14.12 
14.39 
14.36 
TxCv = 
49.74 
50.25 
48.15 
47.61 
47.24 
48.60 
TxCv = 
= NS 
TxCv = 
NS 
NS 
NS 
Mean 
6.15 
6.12 
6.02 
6.30 
6 20 
7 18 
7 10 
6.89 
7.23 
7.04 
 NS 
21 52 
2300 
25.21 
25.07 
25.87 
16.13 
14.68 
14.21 
14.74 
14.85 
k 
49.04 
49.15 
47,62 
46.64 
46.03 
N.B. : A uniform basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser and NS, for non-significant data. 
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values. Addition of 30 kg P/ha resulted in an effect that was intermediate between 
the two extremes and produced 2.90% less linolenic acid than the control. 
4.2 Experiments 3, 4 and 5 
Having established the optimal basal dose of nitrogen in Experiment 1 
and of phosphorus in Experiment 2, and the physiomorphological bases for 
such performances, it was decided to study only the yield and quality characters 
in the remaining three experiments whose significant data are considered below. 
4.2.1 Experiments 
This experiment was based on the findings of Experiment 1. The aim of 
the experiment was to determine, on the basis of yield parameters, whether or 
not nitrogen economy could be effected through spray of supplemental nitrogen 
^^ Nio- ^N o^ ^ ^^ ^N3o) '" ^^y of the four cultivars of linseed, selected for the 
earlier two experiments, grown w ith a sub-optimal basal dose of nitrogen (BJ^^Q) 
spraying the control with water onh. An additional treatment containing the 
optimum nitrogen dose (B^g^ + F^) was also included as an additional control 
for comparison. The data revealed that, by and large, among the selected 
combinations. BJ^ ^Q + ¥^^Q proved as efficacious as BJ^ C,Q + F^ for most of the 
parameters studied including seed and oil yield, thus indicating a net saving of 
20 kg N/ha (Tables 56-66). The important findings are briefly described below. 
4.2.1.1 Yield characteristics 
In Experiment 3 (and subsequent trials), data were collected on yield 
characteristics and oil quality only as the physiomorphological basis for these 
86 
had already been established in the first two trials. In the following pages, data 
about yield characteristics are given in brief. 
4.2.1.1.1 Fibre content per plant 
Only the effect of nitrogen treatments and cultivar differences were 
significant (Table 56). 
All treatments (basal + foliar), except Bj^ ^^  + F^, were at par in their 
effect on fibre production. The treatment BJ^ ^^ Q + Ff^ ,Q gave 17.31 % higher fibre 
content than BJ^ ^Q + F^ that gave the lowest value. 
Cultivars Neelam and Shubhra. being at par, gave higher values than 
Mukta which was equalled b} Garima. Neelam gave 23.37% higher fibre content 
than Mukta that gave the minimum value. 
As indicated above. Treatment x Cultivar interaction effect was non-
significant. 
4.2.1.1.2 Capsules per plant 
The effect of treatments and their interaction with cultivars on capsules 
per plant, as also cultivar differences were significant (Table 57). 
The treatment B^^Q + F^. differed significantly from the rest of the 
treatments that were at par in their effect. Supplemental foliar application of 10 
kg N/ha (Bj^ Q^ + FJ^,Q) produced 16.75% more capsules per plant than B^ .^^ Q + 
F^, that gave the lowest value. 
Cultivars Neelam and Shubhra being at par gave higher values than Garima 
Table 56 Effect of graded levels of supplemental leaf-applied nitrogen sprayed on four 
cultivars of linseed grown with its sub-optimal basal dose on fibre content 
per plant (g) at harvest (Mean of three replicates) 
Treatments (T) 
(kg,'ha) 
B +F 
NW \V 
B +F 
N6(i W 
B +F 
NW) M i l 
B +F 
N50 N2U 
B +F 
N6(i N30 
Mean 
CD at 5% 
Garima 
1.11 
1.00 
1.14 
1.18 
1.11 
1.11 
T = 0.056 
Mukta 
1.08 
0.98 
1.10 
1.08 
1.13 
1.07 
C 
Cultivars (Cv) 
Neelam 
1.36 
1.11 
1.33 
1.45 
1.33 
1.32 
:v = 0.047 
Shubhra 
1.31 
1.06 
1.29 
1.36 
1.34 
1.27 
TxCv = NS 
Mean 
1.22 
1.04 
1.22 
1.27 
1.23 
N.B. A uniform basal dose of 30 kgTia each of P and K was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, NS, for non-significant data and W, for 
double-distilled water. 
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which was equalled by Mukta. Neelam produced 42.35% more capsules per 
plant than Garima. 
Regarding the interactions, B^^^ + F^^ j^ x Neelam proved as efficacious 
as Bf^gQ + Fw ^  Neelam and other combinations such as B^^^ + F^^^^ x Neelam 
or Bf^gQ + FJ^ ,^Q X Neelam that contained more total nitrogen and produced 63.67% 
more capsules per plant than B^g^ "•" ^w '^  Garima that gave the lowest value. 
4.2.1.1.3 Seeds per capsule 
The effect of treatments and their interaction with cultivars as well as 
cultivar differences were non-significant (Table 58). 
4.2.1.1.4 1,000-seed weight 
The effect of treatments on this attribute and cultivar differences alone as 
well as in combination were non-significant (Table 59). 
4.2.1.1.5 Seed yield 
The effect of treatment and cultivar differences, alone as well as in 
combination, were significant (Table 60). 
All soil and foliar treatments, except B^^^ + F^. proved at par. Treatment 
^N60 "*" ^Nio ^ '^^ ^ ^ ^ •^ -°^ ° higher seed yield than BJ^ ,^ Q + F^ giving the lowest 
value. 
Cultivar Neelam (equalled by Shubhra) gave higher value than Mukta. 
Neelam produced 40.10% more seeds than Garima that showed parity with the 
low yielding Mukta. 
Table 57. Effect of graded levels of supplemental leaf-applied nitrogen sprayed on four 
cultivars of linseed grown with its sub-optimal basal dose on capsules number 
per plant at harvest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
B +F 
B +F 
BN«,"FMO 
B +F 
B +F 
NWi N30 
Mean 
CD at 5% 
Garima 
95.33 
98.00 
96.67 
92.67 
99.00 
96.33 
T = 6.18 
1 
Mukta 
92.67 
95.00 
99.00 
102.67 
102.00 
98.27 
Cultivars (Cv) 
Cv 
Neelam 
143.00 
108.00 
151.67 
143.33 
139.67 
137.13 
-5.53 
Shubhra 
136.67 
115.00 
138.33 
140.00 
136.67 
133.33 
TxCv= 12.36 
Mean 
116.92 
104.00 
121.42 
119.67 
116.34 
N.B. A uniform basal dose of 30 kglia each of P and K was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser and W, for double-distilled water. 
Table 58. Effect of graded levels of supplemental leaf-applied nitrogen sprayed on four 
cultivars of linseed grown with its sub-optimal basal dose on seed number 
per capsule at harvest (Mean of three replicates) 
Treatments (T) 
(kg/lia) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
B +F 
N6(i ' W 
B +F 
B +F 
B +F 
Mean 
CD at 5% 
7.52 
8.61 
8.80 
7.98 
7.55 
8.09 
T = NS 
8.76 
7.98 
8.39 
7.96 
8.63 
8.34 
8.14 
9.92 
8.30 
9.89 
8.35 
8.92 
Cv = NS 
9.13 
8.24 
9.68 
8.56 
8.29 
8.78 
TxCv = NS 
8.39 
8.69 
8.79 
8.60 
8.52 
N.B. A uniform basal dose of 30 kg/ha each of P and K was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, NS, for non-significant data and W, for 
double-distilled water. 
Table 59. Effect of graded levels of supplemental leaf-applied nitrogen sprayed on four 
cultivars of linseed grown with its sub-optimal basal dose on 1,000 seed 
weight (g) at harvest (Mean of three replicates) 
Treatments (T) 
(kg'^a) 
B +F 
B +F 
N60 V. 
B +F 
N50 NKI 
B +F 
N60 N : ( I 
B +F 
N60 N30 
Mean 
CD at 5% 
Garima 
8.19 
8.24 
8.18 
8.32 
8.23 
8.23 
T = NS 
Mukta 
8.36 
8.17 
8.39 
8.20 
8.31 
8.29 
Cuhivars (Cv) 
Cv 
Neelam 
8.36 
8.51 
8.26 
8.35 
8.59 
8.41 
- N S 
Shubhra 
8.21 
8.32 
8.47 
8.21 
8.50 
8.34 
TxCv- NS 
Mean 
8.28 
8.31 
8.33 
8.27 
8.41 
N.B. A uniform basal dose of 30 kglia each of P and K was applied at sowing. 
B stands for basal fertiliser, F. for foliar fertiliser, NS, for non-significant data and W. for 
double-distilled water. 
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The interactions B-^^^ + F^j^ x Neelam (or Shubhra) proved most 
economical and gave 63.77% higher seed yield than B^^Q + Fj^ j^ x Garima that 
gave the lowest value together with several other combinations. 
4.2.1.1.6 Biological yield 
The effect of treatments and cultivar differences as well as interaction 
effect were significant (Table 61). 
All treatments, except Bj^ ^^  + F^, were at par in their effect. The treatment 
^N60 "*" ^Nio 8^^^ ^ 7.26% higher biological yield than BJ^ ^Q + F^ that gave the 
lowest value. 
Cultivars Neelam and Shubhra (being at par) gave significantly higher 
value than Mukta which was at par with Garima. Neelam gave 22.51% higher 
biological yield than Mukta. 
The highlight of the interaction effects was that B-^^Q + Fj^ j^ x Neelam (or 
Shubhra). containing a total of only 70 kg N/ha, proved as effective as other 
combinations of these two cultivars with treatments containing 80-90 kg N/ha, 
including B^^Q + F^,. Thus B-^^Q + ¥^^Q X Neelam gave 36.35% higher biomass 
than Bj^ Q^ + F^ x Mukta that gave the lowest value with several other 
combinations. 
4.2.1.1.7 Harvest index 
The effect of treatments and cultivar differences were significant. However, 
the effect of their interactions (Treatment x Cultivar) was non-significant (Table 62). 
Table 60. Effect of graded levels of supplemental leaf-applied nitrogen sprayed on four 
cultivars of linseed grown with its sub-optimal basal dose on seed yield (kg/ 
ha) at harvest (Mean of three replicates) 
Treatments (T) 
(kgTia) 
^s^^^^ 
B s . - F , 
B +F 
B . . - F , , , 
BN^,>^FN3, 
Mean 
CD at 5% 
Garima 
1192.67 
1245.00 
1058.00 
1150.67 
1181.33 
1165.53 
T= 139.50 
Cultivars (Cv) 
Mukia 
1284.00 
1159.67 
1264.33 
1201.33 
1137.67 
1209.40 
Cv= 
Neelam 
1630.67 
1325.00 
1732.67 
1695.00 
1780.00 
1632.67 
124.77 
Shubhra 
1715.00 
1404.67 
1686.00 
1709.00 
1629.33 
1628.80 
TxCv= 2 
Mean 
1455.59 
1283.59 
1435.25 
1439.00 
1432.08 
78.99 
N.B. A uniform basal dose of 30 kglia each of P and K was applied at sowing. 
B stands for basal fertiliser, F. for foliar fertiliser and W for double-distilled water. 
Table 61. Effect of graded levels of supplemental leaf-applied nitrogen sprayed on four 
cultivars of linseed grown with its sub-optimal basal dose on biological yield 
(kglia) at harvest (Mean of three replicates) 
Treatments (T) 
(kg.'ha) 
BN.„FW 
B F 
N60 W 
B F 
N60 NUi 
R F 
R F 
N60 N31I 
Mean 
CD at 5% 
Garima 
4370.00 
3942.00 
4493.67 
4683.00 
4361.67 
4376.07 
T = 309.57 
Cultivars (Cv) 
Mukta 
4281.67 
3876.00 
4354.33 
4289.67 
4451.00 
4250.53 
Cv^ 
Neelam 
5385.00 
4382.33 
5285.00 
5458.67 
5525.67 
5207.33 
= 276.89 
Shubhra 
5175.67 
4189.67 
5086.00 
5369.33 
5298.00 
5023.73 
Mean 
4803.09 
4097.56 
4804.81 
4990.10 
4916.65 
TxCv= 619.15 
N.B. A uniform basal dose of 30 kg/ha each of P and K was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser and W, for double-distilled water. 
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Treatment B^^^ + F ^ gave the hi^est value; but was at par with B ^ ^ + F^. The 
latter treatment, in its turn was, however, as efficacious as the other treatments, 
including B^^o + F^iQ. 
Cultivar Neelam, being at par with Shubhra, gave higher value than others. 
These were followed by Mukta and Garima in that order. Neelam gave 16.95% 
higher value than Garima. 
4.2.1.1.8 Oil content 
The effect of treatments and their interaction with cultivars as also cultivar 
differences were non-significant (Table 63). 
4.2.1.1.9 Oil yield 
The effect of treatments and cuhivar differences, alone as well as in 
combination, on the computed value of oil yield were significant (Table 64). 
All treatments ( soil + foliar), except BJ^^Q + F^ , proved at par. The 
treatment BJ^ .^ Q + ¥^, was. however, at par with B^^Q + FJ^JQ in its effect. Treatment 
^N60 ^ ^Nio ^^^'^ ^ 8.06% higher oil yield than Bj^ ^^ + F ^ that gave the lowest 
value. 
Cultivar Neelam and Shubhra, showing parity, gave higher values than 
the others. Neelam produced 38.92% more than Garima (equalled by Mukta) 
that gave the lowest value. 
The interaction Bj^^^ + ¥^^Q X Neelam (or Shubhra), among others, proved 
best. The interaction BJ^^Q + FJ^,QX Neelam gave 64.51% higher oil yield than 
^N60 "*" ^Nio ^ Garima that gave the lowest value. 
Table 62. Effect of graded levels of supplemental leaf-applied nitrogen sprayed on four 
cultivars of linseed grown with its sub-optimal basal dose on harvest index 
(per cent w/W basis) at harvest (Mean of three replicates) 
Treatments (T) 
(kglia) 
R F 
Not) W 
BN6.,FN\ 
R F 
R F 
N60 N20 
B F 
N60 K3(i 
Mean 
CD at 5% 
Garima 
27.29 
31.59 
23.55 
24.57 
26.90 
26.78 
T - 1.54 
Mukta 
29.30 
29.92 
29.01 
28.02 
25.56 
28.36 
Cultivars (Cv) 
Cv 
Neelam 
30.28 
30.26 
32.79 
31.07 
32.22 
31.32 
= 1.37 
Shubhra 
33.15 
33.53 
33.16 
31.84 
30.76 
32.49 
TxCv = NS 
30.01 
31.33 
29.63 
28.88 
28.86 
N.B. A uniform basal dose of 30 kglia each of P and K was applied at sowing. 
B stands for basal fertiliser. F. for foliar fertiliser, NS, for non-significant data and W, for 
double-distilled water. 
Table 63. Effect of graded levels of supplemental leaf-applied nitrogen sprayed on four 
cultivars of linseed grown with its sub-optimal basal dose on oil content (per 
cent w/W basis) at harvest (Mean of three replicates) 
Treatments (T) 
(kgOia) 
Garima 
Cultivars (Cv) 
Mukta Neelam 
Mean 
Shubhra 
B +F 
B -^ F 
\ 6 0 W 
B -^ F 
\6(' M O 
B +F 
N6i N:(1 
B +F 
N60 N30 
Mean 
CD at 5% 
40T1 
38.54 
39.65 
40.90 
38.94 
39.63 
T = NS 
37.92 
38.69 
39.34 
37.29 
39.23 
38.49 
38.86 
39.29 
39.84 
40.65 
38.34 
39.40 
Cv = NS 
40.34 
38.30 
39.3] 
38.71 
39.55 
39.50 
37.49 
39.04 
TxCv = 
39.60 
39.59 
38.50 
= NS. 
N.B. A uniform basal dose of 30 kg/ha each of P and K was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, NS, for non-significant data and W, for 
double-distilled water. 
Table 64. Eifect of graded levels of supplemental leaf-applied nitrogen sprayed on four 
cultivars of linseed grown with its sub-optimal basal dose on oil yield (kg/ 
ha) at harvest (Mean of three replicates) 
Treatments (T) 
(kglia) 
B +¥ 
B N ^ - F W 
B +F 
Nov NIO 
B +F 
N6'J N:(1 
Bs.-F,3„ 
Mean 
CD at 5% 
Garima 
478.31 
479.88 
419.67 
470.60 
460.02 
461.70 
T = 56.54 
( 
Mukta 
487.00 
448.68 
497.38 
448.19 
446.24 
465.50 
Cultiv 
Cv = 
ars (Cv) 
Neelam 
633.67 
520.94 
690.40 
689.31 
682.53 
643.37 
• 50.57 
Shubhra 
692.02 
538.08 
667.07 
675.17 
610.86 
636.64 
TxCv = 
Mean 
572.75 
496.90 
568.63 
570.82 
549.91 
113.08 
N.B. A uniform basal dose of 30 kg ha each of P and K was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser and W, for double-distilled water. 
90 
4.2.1.2 Quality characteristics of the oil 
Iodine value and fatty acid composition, being the more important of tlie 
conventional oil quality parameters, were studied in this (and subsequent) 
experiments. A brief resume' of the data is given below. 
4.2.1.2.1 Iodine value 
Cultivar differences only were significant, while the effect of treatments 
and their interactions with cultivars were non-significant (Table 65). 
Cultivars Neelam and Garima (being at par) gave higher values than the 
others. The latter was, however, equalled by Shubhra. Neelam gave 18.90% 
higher iodine value than Mukta (equalled by Shubhra) that gave the lowest 
value. 
4.2.1.2.2 Fatty acid composition 
Among the effects on the five fatty acids studied, only the cultivars differed 
significantly from one another and that also in the case of two fatty acids, 
name!} oleic and linolenic acid, the effect of treatments and their interactions 
with cultivars on all fatty acids being non-significant (Table 66). 
4.2.1.2.2.1 Oleic acid 
Cultivar Garima proved best in giving the maximum oleic acid content, 
h was close!) followed by Neelam that was at par with Mukta. The latter, on 
the other hand, also showed parity' with Shubhra. Garima gave 10.15% and 
Neelam. 4.95% hi^er oleic acid content than Shubhra that g^ve the lowest value. 
Table 65. Effect of graded levels of supplemental leaf-applied nitrogen sprayed on four 
cuitivars of linseed grown with its sub-optimal basal dose on iodine value at 
harvest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
B F 
BN6()PW 
R F 
N 6 0 M U 
R F 
N60 N2{i 
R F 
N60 N3(> 
Mean 
CD at 5% 
Garima 
182.54 
184.69 
180.17 
179.30 
174.67 
180.27 
T = NS 
Cuitivars (Cv) 
Mukta 
159.89 
154.60 
160.45 
155.80 
151.27 
157.20 
Cv = 
Neelam 
189.41 
180.74 
183.60 
190.81 
190.00 
186.91 
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Shubhra 
170.09 
164.65 
169.51 
173.18 
175.68 
170.62 
TxCv = NS 
Mean 
175.48 
171.17 
173.43 
174.77 
172.91 
N.B. A uniform basal dose of 90 N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. F, for foliar fertiliser, NS, for non-significant data and W, for 
double-distilled water. 
Table 66. Effect of graded levels of supplemental leaf-applied nitrogen sprayed on four 
cultivars of linseed grown with its sub-optimal dose on fatty acid composition at 
harvest (Mean of three replicates) 
Treatments 
(kg/ha) 
B +F 
N90 W 
B . +F 
B +F 
B +F 
N60 N20 
B +F 
N60 N30 Mean 
CD at 5% 
(T) 
Garima 
6.63 
5.74 
5.64 
5.63 
5.81 
5.89 
T=NS 
Mukta 
Cultivars (Cv) 
Neelam 
Palmitic acid (16:0) 
6.50 
6.24 
6.37 
6.49 
6.38 
6.40 
Cv 
6.30 
6.41 
6.56 
6.21 
6.26 
6.35 
' = NS 
Shubhra 
5.63 
5.49 
5.71 
5.48 
5.59 
5.58 
TxCv = NS 
Mean 
6.27 
5-97 
6.07 
5.95 
6.01 
Stearic acid (18:0) 
B +F 
N90 \V 
B +F 
N60 W B +F 
N60 M O B +F 
N60 N20 
B +F 
N60 N30 
Mean 
CD at 5% 
B +F 
N90 VV 
B +F 
N60 W B +F 
N60 NIO B +F 
N60 N20 B +F 
N60 N20 
Mean 
CD at 5% 
B +F 
N90 W B +F 
N'60 W 
B +F 
N60 NIO B +F 
N60 N20 
B +F 
N60 N30 Mean 
CD at 5% 
6.57 
6.66 
6.44 
6.56 
6.42 
6.53 
T = NS 
26.00 
24.95 
25.62 
26.34 
25.41 
25.66 
T = NS 
14.85 
13.82 
15.39 
13.93 
14.11 
14.42 
T = NS 
5.71 
5.84 
6.08 
5.94 
5.78 
5.87 
Cv = : 
7.21 
7.48 
7.65 
7.34 
7.45 
7.43 
NS 
Oleic acid (18:1) 
22.89 
24.00 
23.64 
22.78 
23.44 
23.35 
Cv 
25.71 
23.84 
26.58 
25.17 
25.80 
25.42 
= 0.91 
Linoleic acid (18:2) 
12.69 
13.29 
14.50 
12.67 
13.84 
13.40 
Cv 
14.16 
16.00 
13.45 
13.94 
15.25 
14.95 
= NS 
6.97 
7.32 
7.41 
6.93 
6.93 
7.11 
TxCv = NS 
23.90 
24.53 
23.86 
25.34 
24.37 
24.40 
TxCv = NS 
14.95 
15.34 
14.45 
13.61 
14.63 
14.60 
TxCv = NS 
6.62 
6.83 
6.90 
6.69 
6.65 
24.63 
24.33 
24.93 
24.91 
24.76 
14.16 
14.61 
14.45 
14.04 
14.46 
Linolenic acid (18:3) 
B +F 
B +F 
B . +F , 
B +F 
N60 N20 B +F 
Mean 
CD at 5% 
46.95 
48.80 
46.89 
47.54 
48.22 
47.68 
T = NS 
52.21 
50.65 
49.43 
52.10 
50.56 
50.99 
46.62 
46.28 
45.76 
45.36 
45.22 
45.85 
Cv=1.84 
48.58 
47.34 
48.53 
48.64 
48.21 
48.26 
TxCv = NS 
49.59 
46.27 
47.65 
48.41 
48.05 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
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4.2.1.2.2.2 Linolenic acid 
Oil obtained from seeds of cultivar Mukta gave the maximum percentage 
of this fatt>' acid. It was followed by Shubhra. Neelam, being at par with Garima, 
gave the lowest value. Mukta produced 6.39% more linolenic acid than Neelam. 
4.2.2 Experiment 4 
This experiment was based on the results of Experiment 2 with the aim to 
find out the feasibility of phosphorus economy, by spraying three graded levels 
of phosphorus (F^., Fp2 and Fp_^ ) on the same four cultivars of linseed. The crop 
was grown with sub-optimal basal doses of phosphorus (BpjQ). An additional 
treatment (Bp3Q + F^) was also included for comparison as Bpj^  was adjudged 
the optimum dose in Experiment 2. The data revealed that phosphorus treatment, 
^p^o ^ P^2 ^ ^^ cultivar Neelam (as well as Shubhra) alone proved best for 
most of the yield parameters studied. However, their interaction (Treatment x 
Cultivar) effect was non-significant for each parameter (Tables 67-77). The 
important results are summarised below. 
4.2.2.1 Yield characteristics 
These linseed cultivars being dual purpose, data on fibre content and 
yields of seed and oil were collected in this trial also. These data as well as 
those regarding the yield attributing characteristics are briefly described below. 
4.2.2.1.1 Fibre content per plant 
The effect of phosphorus treatments on this attribute and cultivar 
differences were significant. However, their interaction effects were non-
significant (Table 67). 
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All treatments, except the sub-optimal control sprayed with water (Bp2Q 
+ F^), were at par with the other control grown with 30 kg P/ha (BpjQ + F^). 
Of these, BpjQ + Fpj gave 28.30% higher fibre content per plant than Bp2Q + F^ 
that gave the lowest value. 
Cultivars Neelam and Shubhra (being at par) gave higher values than 
Garima (equalled by Mukta). Neelam had 13.04% higher fibre content per 
plant than Garima. 
4.2.2.1.2 Capsules per plant 
The effect of treatments on capsules per plant and cultivar 
differences were significant. However, the effect of their interaction (Treatment x 
Cultivar) was non-significant (Table 68). 
All treatments, except Bp2Q + F^, gave equal value. The treatment Bp2Q+Fp2 
resulted in the production of 16.25% more capsules per plant than treatment 
Bp-,Q + F^, that gave the lowest value. 
Cultivar Neelam, followed by Shubhra, produced maximum capsules per 
plant. Neelam possessed 41.94% more capsules per plant than Mukta which 
was itself equalled by Garima and gave the minimum value. 
4.2.2.1.3 Seeds per capsule 
The effect of phosphorus treatments only was significant, cultivar 
differences and interaction effect of treatments with cultivars being non-
significant (Table 69). 
Table 67. Effect of graded levels of supplemental phosphorus sprayed on four cultivars 
of linseed grown with its sub-optimal basal dose on fibre content per plant 
(g) at harvest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Sp3oFu 
Bp,pF^ ,^ 
B F 
P20 p ; 
B F 
P2(> P4 
Mean 
CD at 5% 
Garima 
1.23 
1.01 
1.18 
1.19 
1.15 
T = 0.12 
Mukta 
1.26 
0.96 
1.19 
1.22 
1.16 
Cultivars (Cv) 
Cv = 
Neelam 
1.43 
1.18 
1.34 
1.24 
1.30 
 0.12 
Shubhra 
1.50 
1.09 
1.29 
1.30 
1.30 
TxCv = NS 
Mean 
1.36 
1.06 
1.25 
1.24 
N.B. A uniform basal dose of 30 kg ha each of P and K was applied at sowing. 
B stands for basal fertiliser, F. for foliar fertiliser, NS, for non-significant data and W for 
double-distilled water. 
Table 68. Effect of graded levels of supplemental phosphorus sprayed on four cultivars 
of linseed growTi with its sub-optimal basal dose on capsules number per 
plant at har\'est (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
B F 
B F 
P2(l W 
B F 
P20 \'2 
B F 
P20 P4 
Mean 
CD at 5% 
Garima 
93.33 
86.00 
90.33 
92.67 
90.58 
T = 6.94 
Mukta 
91.67 
79.33 
84.00 
90.00 
86.25 
Cuhivars (Cv) 
Cv 
Neelam 
132.33 
101.00 
126.67 
129.67 
122.42 
= 6.94 
Shubhra 
121.00 
94.67 
118.67 
116.00 
112.59 
TxCv = NS 
Mean 
109.58 
90.25 
104.92 
107.09 
N.B. A uniform basal dose of 90 N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, NS, for non-significant data and W, for 
double-distilled water. 
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On the one hand, treatments BpjQ + Fp^  and Bp2Q + Fp^  produced as many 
seeds as the water-sprayed control grown with the optimal phosphorus dose 
(Bp3Q + F^,), on the one hand, and the sub-optimal control (BpjQ + F^) on the other. 
4.2.2.1.4 1,000-seed weight 
The effect of treatments only was significant. Cultivar differences and 
interaction effect of treatments with cultivars were non-significant (Table 70). 
The effect of treatment Bp^ Q + F^, that gave the lowest value, differed 
significantly from that of all the remaining treatments which were at par and 
produced equally heavier seeds. The treatment Bp2Q + Fp2 gave 4.51% higher 
value than the sub-optimal control (B^jo '*' ^w -^
4.2.2.1.5 Seed yield 
The effect of treatments and cultivar differences only were significant, 
whereas their interaction effect (Treatment x Cultivar) was non-significant 
(Table 71). 
All treatments, except Bp-,Q + F^„ were at par with regard to seed yield. 
The treatment BpjQ + Fpj gave 21.97% higher seed yield than Bp2Q + F ^ that 
gave the lowest value. 
Cultivar Neelam showed parity with Shubhra and gave higher value than 
the two others that were at par with each other. Neelam gave 32.10% higher 
seed yield than Mukta. 
Table 69. Eifect of graded levels of supplemental phosphorus sprayed on four cultivars 
of linseed grown with its sub-optimal basal dose on seed number per capsule 
at harvest (Mean of three replicates) 
Treatments (T) 
(kg/lia) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
Bp3.Fw 
B F 
P20 W 
B F 
P:() P2 
B F 
P:O P4 
Mean 
CD at 5% 
8.92 
8.08 
8.32 
8.49 
8.45 
T = 0.52 
8.71 
8.99 
8.38 
8.36 
8.36 
8.96 
8.16 
8.43 
8.43 
8.50 
Cv = NS 
8.85 
8.25 
8.50 
8.65 
8.56 
TxCv = NS 
8.86 
8.12 
8.41 
8.48 
N.B. A uniform basal dose of 90 N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. F. for foliar fertiliser, NS, for non-significant data and W, for 
double-distilled water. 
Table 70. Effect of graded levels of supplemental phosphorus sprayed on four cultivars 
of linseed grown with its sub-optimal basal dose on 1,000 seed weight (g) at 
harvest (Mean of three replicates) 
Treatments (T) 
(kgTia) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
B +F 
P30 W 
B +F 
P20 W 
B +F 
P20 P : 
B +F 
P20 P4 
Mean 
CD at 5% 
8.44 
7.95 
8.32 
8.31 
8.26 
T = 0.33 
8.21 
8.04 
8.24 
8.20 
8.12 
8.56 
8.06 
8.46 
8.63 
8.43 
Cv = NS 
8.49 
7.92 
8.39 
8.52 
8.33 
TxCv = NS 
8.43 
7.99 
8.35 
8.42 
N.B. A uniform basal dose of 90 N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, NS, for non-significant data and W, for 
double-distilled water. 
Table 71. Effect of graded levels of supplemental phosphorus sprayed on four cultivars 
of linseed grown with its sub-optimal basal dose on seed yield (kg/ha) at 
harvest (Mean of three replicates) 
Treatments (T) 
(kg/lia) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
B +F 
P30 W 
1265.67 1212.33 1686.00 1599.67 1440.92 
B +F 
P20 V. 
998.33 1033.00 161.00 1216.33 1102.1'7 
B +F 169.67 1134.33 1592.00 1481.33 1344.33 
B,.3.rFp. 
Mean 
CD at 5% 
1136.00 
1142.41 
T= 162.64 
1093.33 
1118.25 
Cv = 
1496.67 
1483.92 
= 162.64 
1432.00 
1432.33 
TxCv = NS 
1289.50 
N.B. A uniform basal dose of 90 N and 30 kg KTia was applied at sowing. 
B stands for basal fertiliser. F, for foliar fertiliser, NS, for non-significant data and W. for 
double-distilled water. 
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4.2.2.1.6 Biological yield 
The effect of treatments on this parameter and cultivar differences were 
significant. However, interaction effect of treatments with cultivars was non-
significant (Table 72). 
The biological yield was maximum in treatment Bp,^ ) + F^. The remaining 
treatments had equal value. Treatment Bp^ ^ + F^ gave 21.88% higher biological 
yield than Bp,Q + F^ that gave the lowest value. The treatment Bpjg + Fp2 was 
only slightly inferior (12.32%) to B^^Q + F^. 
Cultivar Neelam and Shubhra, being at par, gave higher value than Garima 
which was equalled by Mukta. Neelam produced 21.11% higher biological 
yield than Garima that gave the lower value. 
4.2.2.1.7 Harvest index 
The effect of treatments on this parameter and cultivar differences only 
were significant. However, their interaction (Treatment x Cultivar) effect was 
non-significant (Table 73). 
Treatment B^^o "*" Fp^  '^ '^ s equal to Bp-,^  + Fp^  in its effect. The latter was 
also at par with B^^^ + ¥^,. Treatment Bp^ ^ + Fp-, gave 13.36% higher harvest 
index than Bp2o + F^ that gave the lowest value. 
Cultivar Neelam and Shubhra, being at par, gave higher value than the 
other two cultivars. Neelam had 9.77% higher harvest index than Mukta which 
was also equalled by Garima. 
Table 72. Effect of graded levels of supplemental phosphorus sprayed on four cuUivars 
of linseed grown with its sub-optimal basal dose on biological yield (kg/ha) 
at harvest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
^P:J\\ 
B F 
B F 
P:O P2 
Bp2()^P4 
Mean 
CD at 5% 
Garima 
3362.00 
2942.00 
3134.00 
3085.33 
3131.83 
T = 292.14 
Cuhivars (Cv) 
Mukta 
3481.33 
2836.67 
3163.00 
3092.00 
3143.25 
Cv 
Neelam 
4396.00 
3496.33 
3681.67 
3598.67 
3793.17 
= 292.14 
Shubhra 
4189.67 
3384.67 
3549.33 
3560.00 
3670.92 
TxCv = NS 
Mean 
3857.25 
3164.92 
3382.00 
3334.00 
N.B. A uniform basal dose of 90 N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, F. for foliar fertiliser, NS. for non-significant data and W, for 
double-distilled water. 
Table 73. Effect of graded levels of supplemental phosphorus sprayed on four cultivars 
of linseed grown with its sub-optimal basal dose on harvest index (per cent 
w/W basis) at harvest (Mean of three replicates) 
Treatments (T) 
(kg^a) 
Bpjo^w 
^P2nF\\ 
R F 
P20 P2 
B F 
P20 P4 
Mean 
CD at 5% 
Garima 
37.65 
33.93 
37.32 
36.81 
36.43 
T = 2.09 
Mukta 
34.83 
36.42 
35.86 
35.36 
35.62 
Cultivars (Cv) 
Cv = 
Neelam 
38.35 
33.21 
43.24 
41.59 
39.10 
 2.09 
Shubhra 
38.18 
35.94 
41.74 
40.23 
39.02 
TxCv = NS 
Mean 
37.25 
34.88 
39.54 
38.50 
N.B. A uniform basal dose of 90 N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, NS, for non-significant data and W, for 
double-distilled water. 
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4.2.2.1.8 Oil content 
The effect of phosphorus treatment on oil content, cultivar differences 
and their interactions (Treatment x Cultivar) were non-significant (Table 74). 
4.2.2.1.9 Oil yield 
The effect of treatments on the computed oil yield and cultivar differences 
only were significant. However, their interaction effect was non-significant 
(Table 75). 
All phosphorus treatments (soil + foliar), except Bp2Q + F^, had equal 
effect. The treatment Bp^ ^ + Pp., produced 36.12% more oil yield than BpjQ + F^ that 
gave the lowest value. 
Cultivars Neelam and Shubhra, being at par, gave higher values than Mukta 
and Garima that were at par. Neelam gave 31.79% hi^er oil yield than Mukta. 
4.2.2.2 Quality characteristics of the oil 
As in Experiments 1-3, two main oil quality parameters, viz. iodine value 
and fatty acid composition were studied in this trial also. Below is given a 
resume' of the relevant data. 
4.2.2.2.1 Iodine value 
Only cultivar differences were noted to be significant. The effect of 
treatments and of their interaction witli cultivars were non-significant (Table 76). 
Cultivar Neelam gave the highest value. However, it was equalled by 
Shubhra which was itself at par with Garima. Neelam gave 20.33% higher 
iodine value than Mukta that gave the lowest value. 
Table 74. Effect of graded levels of supplemental phosphorus sprayed on four cultivars 
of linseed grown with its sub-optimal basal dose on oil content (per cent w/ 
W basis) at harvest (Mean of three replicates) 
Treatments (T) Cultivars (Cv) 
(kg/ha) Mean 
Garima Mukta Neelam Shubhra 
39.10 39.63 38.90 39.15 
37.54 37.57 38.33 39.66 
39.62 38.19 39.28 38.86 
39.91 39.47 40.60 39.81 
39.04 38.59 39.28 
Cv = NS TxCv - NS 
N.B. A uniform basal dose of 90 N and 30 kg KTia was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, NS, for non-significant data and W, for 
double-distilled water. 
^P:J\V 
Bp2()Fu 
B F 
P20 P2 
Bp2oFp4 
Mean 
CD at 5% 
39.29 
37.20 
38.35 
39.25 
38.52 
T - N 
Table 75. EflFect of graded levels of supplemental phosphorus sprayed on four cultivars 
of linseed growii with its sub-optimal basal dose on oil yield (kg/ha) at harvest 
(Mean of three replicates) 
Treatments (T) 
(kgTia) 
Garima 
Cultivars (Cv) 
Mukla Neelam Shubhra 
Mean 
B +F 
Bp:o+Fw 
B +F 
p;ii V2 
B +F p;o P4 
Mean 
CD at 5% 
497.28 
371.38 
448.56 
445.88 
440.78 
474.02 
387.78 
449.42 
436.35 
436.89 
668.16 
436.19 
607.98 
590.74 
575.78 
T = 57.85 Cv = 57.85 
622.27 
466.22 
581.86 
581.39 
562.94 
TxCv = NS 
565.43 
415.39 
521.96 
513.59 
N.B. A uniform basal dose of 90 N and 30 kg ICTia was applied at sowing. 
B stands for basal fertiliser. F, for foliar fertiliser. NS, for non-significant data and W, for 
double-distilled water. 
Table 76. Effect of graded levels of supplemental phosphorus sprayed on four cultivars 
of linseed grown with its sub-optimal basal dose on iodine value at harvest 
(Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Spjo^.v 
Sp:oF\\ 
R F 
P20 P : 
B F 
P20 P4 
Mean 
CD at 5% 
Garima 
176.71 
189.15 
181.21 
180.33 
181.86 
T = NS 
( 
Mukta 
153.59 
163.66 
168.54 
160.11 
161.48 
Cultivars (Cv) 
Cv = 
Neelam 
189.07 
200.65 
194.26 
193.24 
194.31 
 10.23 
Shubhra 
174.49 
196.36 
189.48 
190.71 
187.76 
TxCv = NS 
Mean 
173.47 
187.46 
183.37 
181.11 
N.B. A uniform basal dose of 90 N and 30 kg KTia was applied at sowing. 
B stands for basal fertiliser, F. for foliar fertiliser, NS. for non-significant data and W, for 
double-distilled water. 
96 
4.2.2.2.2 Fatty acid composition 
Among the five fatty acids studied, linolenic acid only was affected 
significantly albeit adversely by the treatments. Its content differed in cultivars 
also. However, the effect of treatments on the remaining fatty acids, the 
difference of their content in various cultivars and interaction effect (Treatment 
X Cultivars) on all fatty acids studied were non-significant (Table 77). 
4.2.2.2.2.1 Linolenic acid 
Treatment Bp2Q + F^ gave higher value than the remaining treatments 
which were all at par. This treatment increased the fatty acid content by 4.29% 
over Bp2o + Fp .^ 
Cultivar Garima had maximum value of this fatty acid and was followed 
by Neelam (equal to Mukta). Garima contained 11.24 and Neelam 6.26% more 
linolenic acid than Shubhra which gave the lowest value. 
Interaction (Treatments x Cultivars) effect was found non-significant. 
4.2.3 Experiment 5 
This experiment was based on the results of Experiments 1-3. The aim of 
the experiment was to test whether or not yield performance of the same four 
cultivars of linseed as selected in Experiments 1-4 could be maximised by 
grow ing them with combined sub-optimal basal doses of nitrogen and 
phosphours (Bj^ Q^p^ )^ supplemented with foliar application of these nutrients 
in combination (Fj^ jQp2 and Fj^ j^ p )^. In view of the encouraging earlier data 
1 able 77. l^ ffect of graded levels of supplemental phosphorus sprayed on four cultivars 
of linseed grown with its sub-optimal basal dose on fatty acid composition at 
harvest (Mean of three replicates) 
Treatments (T) 
(kglia) 
Bp.-F. 
B.:.-F. 
B p : - f p : 
B, . , -F . 
Meaji 
CD at 5'„ 
Garima 
6 85 
671 
6 84 
6 72 
678 
T=NS 
Mukta 
Palmit 
583 
6 01 
589 
6 09 
596 
Cultivars (Cv) 
Neelam 
ic acid (16:0) 
5 89 
574 
5,98 
5 63 
581 
Cv = NS 
Shubhra 
6 63 
6 32 
6 82 
658 
659 
TxCv = NS 
Mean 
6.30 
6 20 
6.38 
6 26 
Stearic acid (18:0) 
Bp,c*F. 
Bp:o-F. 
Bp.-0-Fp: 
Bp:c-Fp. 
Mean 
CD at 5% 
B p , r F . 
Bp , *F . 
Bp:rFp: 
Bp.*Fp. 
Mean 
CD at 5° 0 
5,64 
5 97 
585 
5 70 
5 79 
T=NS 
23.20 
2395 
23 00 
23 63 
23.45 
T=NS 
634 
6 49 
6 39 
630 
6.38 
Cv 
6 77 
7 09 
7 17 
6 70 
6 93 
= NS 
Oleic acid (18:1) 
26 69 
2547 
27.04 
26 21 
23.35 
C \ -
24.34 
25 12 
2429 
25 85 
24 90 
= NS 
6 99 
7.73 
7.80 
721 
7 43 
TxCv = 
26.34 
24 19 
25.09 
26.41 
25.51 
TxCv = 
^NS 
= NS 
6 44 
6 82 
680 
6.48 
25.16 
24.68 
2486 
25.53 
Linoleic acid (18:2) 
Bp.,-F. 
B „ -F_ 
Bp:rFp: 
Bp..c-Fp. 
Mean 
CD at 5% 
13 82 
15 11 
14 09 
14 35 
14 34 
T=NS 
15 00 
14 63 
14 49 
14 57 
1467 
15 29 
15 49 
15 35 
14 59 
15 18 
Cv = NS 
15 40 
16 67 
16 31 
16 13 
1631 
TxCv = = NS 
15 88 
1545 
15 06 
14 91 
Linolenic acid (18:3) 
B p , - F , 
Bp.oF. 
Bp,-Fp, 
Bp:,-F,, 
Mean 
CDai 5% 
49 49 
4826 
50 22 
49 61 
4940 
T = 1 63 
46 14 
4741 
46 10 
4674 
4660 
Cv 
47 72 
46 53 
47 29 
47.23 
47 19 
= 1 63 
44 64 
4521 
44 02 
4377 
44 41 
TxCv = NS 
4700 
48 85 
46 91 
46 84 
N.B. A uniform basal dose of 90 N and 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. F, for foliar fertiliser. NS, for non-significant data and W for 
double-distilled water. 
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regarding fertiliser economy, it was further decided to test the comparative 
efficacy of the rather costly laboratory grade sodium dihydrogen orthophosphate 
(SDP) used in Experiment 4 and diammonium phosphate (DAP), the common 
commercial source of phosphorus.. It may be recalled that two controls (i) 
Bj^ c,QP3Q+ F^. and (ii) Bj^ Q^p2Q + F^, were also included for comparison. The 
data revealed that treatment Bj^ ^^ pjo + FNIOP2(DAP) ^ ^^ cultivar Neelam (at par 
with Shubhra) were best for maximisation of yield as well as nutrient economy 
(Tables 78-88). The important results are summarised below. 
4.2.3 .1 Yield characteristics 
As in the previous trials, fibre content of linseed plant, yield attributing 
characteristics and yield of seed and oil were obser\'ed and the relevant data 
are briefly mentioned in the following pages. 
4.2.3.1.1 Fibre content per plant 
The effect of treatments on fibre content per plant and their interaction 
with cultivars as also cultivar differences were significant (Table 78). 
Except for the sub-optimal control B^ Q^p-,^  + F^„ all treatments were at 
par with the optimal control B^^^pj^ + F^,. Treatment B^^Q^^Q + ^^^Q^2{DA?) 
gave 10.79% higher fibre content per plant than Bj^ p^p2Q+ F^ ^ that gave the 
minimum value. 
Cultivar Neelam and Shubhra, being at par, gave higher value than the 
two others that were at par with each other. Neelam produced 19.71% more 
fibre than Mukta that possessed minimum fibre. 
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Regarding the effect of interactions (Treatment x Cultivar), Bj^ Q^p2Q + 
'^ NiopscDAP) ^ Shubhra proved better than the other combinations and gave 
36.72% higher value than B^^^ y^p^Q + F^, x Garima giving the lowest value 
together with several other combinations of Garima and Mukta. 
4.2.3.1.2 Capsules per plant 
The effect of treatments on capsules per plant and their interaction with 
cultivars, as also cultivar differences were significant (Table 79). 
All treatments (except Bj^ gQp-,Q + F^, having the lowest value) were at par 
in their effect. Treatment B^^ (jp-,Q+ FNIOP2(DAP) enhanced capsules production 
per plant by 15.79% over the control Bj^gQp2Q + F^,. 
Cultivar Neelam (equalled by Shubhra) produced more capsule per plant 
than Mukta which was at par with Garima. Neelam produced 27.76% more 
capsules than Mukta. 
Most interactions of treatments with Neelam and Shubhra were equally 
highly effective for capsule production. Of these, the interaction Bj^ Q^p2Q + 
Fj^ jQP^ .p^ Pj X Neelam produced 36.71 % more capsules per plant than Bj^ Q^p-,Q + 
F^ X Mukta that gave the least value together with most other combinations 
involving Mukta and Garima. 
4.2.3.1.3 Seeds per capsule 
Only the effect of treatments on this parameter was significant, cultiv^ 
differences and interaction effect (Treatment x Cultivar) being non-significant 
(Table 80). 
Table 78. Effect of graded levels of two sources of leaf-applied phosphorus sprayed 
with one level of nitrogen on four cultivars of linseed grown with sub-optimal 
basal dose of N and P on fibre content per plant (g) at harvest (Mean of three 
replicates) 
Treatments (T) 
(kgha) 
Garima 
Cuhivars (Cv) 
Mukta Neelam Shubhra 
Mean 
B +F 
NWP30 V.' 
B +F 
N6OP:O W 
B +F 
\6OP:I ' NIOP:ISDPI 
R +F 
N60P2(i N10P4(SnPi 
B +F 
NN'PJd NIOI':(DAP) 
B +F 
\bOV2v N10l'4(DAPl 
Mean 
CD at 5% 
1.43 
1.28 
1.43 
1.36 
1.36 
1.48 
1.39 
T = ( 
1.40 
1.29 
1.31 
1.40 
.43 
1.36 
.37 
1.71 
1.44 
1.66 
1.73 
1.61 
1.71 
1.64 
Cv = 0.07 
1.74 
1.53 
1.79 
1.65 
1.75 
1.74 
1.70 
TxCv = 0.17 
1.57 
.39 
1.55 
1.54 
1.54 
1.57 
N.B. A uniform basal dose of 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser. F, for foliar fertiliser, W, for double-distilled water, DAP. for 
diammoium phosphate and SDP, for sodium dihydrogen ortho-phosphate. 
Table 79. Effect of graded levels of two sources of leaf-applied phosphorus sprayed 
with one level of nitrogen on four cultivars of linseed grown with sub-optimal 
basal dose of N and P on capsule number per plant at harvest (Mean of three 
replicates) 
Treatments (T) 
(kg/ha) 
B -^ F 
B +F 
N6()P:V W 
R +F 
N60P: ( I N I 0 P 2 ( S D P ) 
R +F 
N60P;t' NUIP4(SDP) 
R +F 
N6<;ip;n Niop;(UAP) 
R +F 
N6OP:O NIOP4(DAP) 
Mean 
CD at 5% 
Garima 
104.00 
91.67 
103.67 
109.00 
102.00 
104.33 
102.45 
T= 12.14 
Cultivars (Cv) 
Mukta 
99.33 
89.00 
102.67 
98.67 
96.00 
100.33 
97.67 
Cv = 
Neelam 
140.33 
105.33 
127.00 
132.33 
121.67 
118.00 
124.78 
9.91 
Shubhra 
125.00 
94.00 
116.67 
117.67 
120.33 
116.00 
J 14.95 
Mean 
117.17 
95.00 
112.50 
114.42 
110.00 
109.67 
TxCv = 24.27 
N.B. A uniform basal dose of 30 kg KTia was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, W, for double-distilled water, DAP, for 
diammoium phosphate and SDP, for sodium dihydrogen ortho-phosphate. 
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The effect of all treatments, except the sub-optimal control (Bj^ ,^ Qp2Q + 
F^), was at par. However, this treatment also showed parity with B^ ^^QpjQ + 
' ' N 1 0 P 2 ( S D P ) ' ^ " " ^N60P2O' ' " ' 'N10P2(DAP)-
4.2.3.1.4 1,000-seed weight 
The effect of treatments and of their interaction with cultivars as also 
cultivar differences were non-significant (Table 81). 
4.2.3.1.5 Seed yield 
The effect of treatments on seed yield and cultivar differences, alone as 
well as in combination, were significant (Table 82). 
All treatments, except Bj^gQp2Q + F^, that gave a lower value, proved at 
par for seed production. Treatment BjjgQp2Q + FNIOP (^DAP) §^^^ 15.07% more 
seed yield than the control Bj^gQp2Q + F^. 
Cultivar Neelam (equalled by Shubhra) gave higher value than the other 
two culti\ars that were at par. Neelam gave 19.36% more seed yield than Mukta 
that gave lower value. 
Regarding interactions. Bj^ ^^ p^ Q + F^ x Neelam, being at par with four 
other combinations, resulted in highest seed yield. However, Bj^ Q^p2Q + 
f^ NioP2(DAP) '^^ Neelam (or Shubhra) proved as effective as these four interactions. 
BN60P20 ^ f"\i0P2(DAP) ^ Neelam gave higher seed yield than B^ ,^ oP20 "^  ^ v, ^ 
Mukta that gave the lowest value together with a few other combinations. 
Table 80. Effect of graded levels of two sources of leaf-applied phosphorus sprayed 
with one level of nitrogen on four cultivars of linseed grown with sub-optimal 
basal dose of N and P on seed number per capsule at harvest (Mean of three 
replicates) 
Treatments (T) 
(kglia) 
B +F 
B +F 
N(S0P2(1 W 
B +F 
N«)P20 N10P2iSDPl 
R +F 
N60P2() N10P-4(SDP) 
R 4-F 
N6OP20 N10P2(DAP) 
R +F 
NW1P20 NI0P4(nAP) 
Mean 
CD at 5% 
Garima 
8.54 
8.42 
8.65 
8.51 
8.71 
8.60 
8.57 
T = 0.24 
Cultivars (Cv) 
Mukta 
8.66 
8.27 
8.33 
8.42 
8.39 
8.66 
8.46 
Cv = 
Neelam 
8.61 
8.46 
8.61 
8.88 
8.62 
8.75 
8.66 
 NS 
Shubhra 
8.59 
8.18 
8.58 
8.65 
8.53 
8.42 
8.49 
TxCv = NS 
Mean 
8.60 
8.33 
8.54 
8.6!2 
8.56 
8.61 
N.B. A uniform basal dose of 30 kg Klia was applied at sowing. 
B stands for basal fertiliser. F. for foliar fertiliser, NS, for non-significant data, W, for 
double-distilled water. DAP, for diammoium phosphate and SDP, for sodium dihydrogen 
ortho-phosphate. 
Table 81. Effect of graded levels of two sources of leaf-applied phosphorus sprayed 
with one level of nitrogen on four cultivars of linseed grown with sub-optimal 
basal dose of N and P on 1,000 seed weight (g) at harvest (Mean of three 
replicates) 
Treatments (T) 
(kg-'ha) 
B +F 
B +F 
N60P2'.' W 
B +F 
N 6 0 P : I ' ^ i u p ; ^ s n P | 
R 4_p 
N 6 0 P : I I • NI0P4(SDP) 
B +F 
N6OP:O Klop ; ( D A P ) 
B +F 
\6np:u NUiPJiD^P) 
Mean 
CD at 5°.o 
Garima 
8.34 
8.41 
8.31 
8.56 
8.31 
8.41 
8.39 
T = NS 
Cultivars (Cv) 
Mukta 
8.36 
8.52 
8.52 
8.35 
8.48 
8.31 
8.43 
Cv 
Neelam 
8.56 
8.69 
8.43 
8.61 
8.54 
8.48 
8.55 
= NS 
Shubhra 
8.39 
8.45 
8.22 
8.33 
8.22 
8.46 
8.35 
TxCv = 
Mean 
8.41 
8.52 
8.39 
8.46 
8.39 
8.42 
NS 
N.B. A uniform basal dose of 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, NS, for non-significant data, W, for 
double-distilled water, DAP, for diammoium phosphate and SDP, for sodium dihydrogen 
ortho-phosphate. 
Table 82. Effect of graded levels of two sources of leaf-applied phosphorus sprayed 
with one level of nitrogen on four cultivars of linseed grown with sub-optimal 
basal dose of N and P on seed yield (kg/ha) at harvest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Garima 
Cuhivars (Cv) 
Mukta Neelam Shubhra 
Mean 
B.^ P3o+Fu 1329.00 1342.00 1736.33 1664.67 518.00 
B..P:O+FW 1201.67 
B +F 
N6OP20 
B +F 
N60P20 
M O P : (SDP) 
N10P4(SDP) 
! (DAP) 
CD at 5% 
1284.67 
1391.00 
B.«,p:o+Fs,oP:r^ -"^ 1258.00 
N61)P:O N I 0 P 4 ( D A P ) IJ^'^-JJ 
Mean 1301.11 
T = 90.93 
1195.00 1316.67 
1333.67 1556.00 
1262.33 1656.00 
1355.00 1534.00 
1361.00 1519.33 
1308.16 1553.06 
Cv = 74.24 
1254.00 1241.84 
1539.67 
1523.33 
1428.50 
1525.00 1458.58 
1569.00 1429.00 
1436.50 
1512.61 
TxCv= 181.86 
N.B. A uniform basal dose of 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, W, for double-distilled water, DAP, for 
diammoium phosphate and SDP, for sodium dihydrogen ortho-phosphate. 
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4.2.3.1.6 Biological yield 
The effect of treatments on biological yield and of their interactions with 
cultivars as well as cultivar differences were significant (Table 83). 
All treatments, except the least eflRcacious sub-optimal control (Bj^ p^2Q + F^) 
had equal effect. Treatment B^ .^ ^^ jp^ o + Fj^ ,jQp-, j ^ ^ ^ gave 18.34% more biological 
yield than B^^0P20+F^,. 
Cultivars Neelam and Shubhra being at par, gave higher biological yield 
than Mukta that was equalled by Garima. Neelam showed 20.92% higher value 
than Mukta that gave minimum value. 
Regarding the interaction effect, B^ ^^ QpjQ + FNIOP2(DAP) ^ Neelam (or 
Shubhra) interacted better like eight other combinations of treatments x Neelam 
(or Shubhra). Bj^ gQp^ Q+ Fj^ r,Qp,(Q^ Pi x Neelam produced 37.18% more biomass 
than Bj^ Q^p2Q + F^, x Mukta that gave the lowest value, being at par with five 
other combinations. 
4.2.3.1.7 Harvest index 
The effect of treatments and of their interactions (Treatment x Cultivar) 
with cultivars on this parameter as also cultivar differences were non-significant 
(Table 84). 
4.2.3.1.8 Oil content 
The effect of treatments on oil content and cultivar differences alone as 
well as in combination were also found non-significant (Table 85). 
Table 83. Effect of graded levels of two sources of leaf-applied phosphorus sprayed 
with one level of nitrogen on four cultivars of linseed grown with sub-optimal 
basal dose of N and P on biological yield (kg/ha) at harvest (Mean of three 
replicates) 
Treatments (T) 
(kg'ha) 
B +F 
B +F 
R +F 
B +F 
\ 6 C ' P : U N 1 0 P 4 ( S D P ) 
R +F 
\i>"?:< ' M O P ; (IMP) 
B +F 
N6(ip:ii NioP4(nAP) 
Mean 
CD at 5% 
Garima 
4322.67 
3560.67 
4283.00 
4128.00 
4010.00 
4156.00 
4076.72 
T = 264.24 
Cultivars (Cv) 
Mukta 
4166.33 
3548.00 
3924.00 
4156.00 
4191.67 
3923.33 
3984.89 
Cv 
Neelam 
5085.33 
4048.33 
4854.67 
4995.00 
4867.00 
5061.67 
4818.67 
= 215.75 
Shubhra 
5151.00 
4121.00 
4969.67 
4931.33 
5012.00 
4889.67 
4845.79 
Mean 
4674.58 
3819.50 
4507.84 
4552.58 
4520.17 
4507.67 
TxCv - 528.47 
N.B. A uniform basal dose of 30 kg KTia was applied at sowing. 
B stands for basal fertiliser. F. for foliar fertiliser, W, for double-distilled water, DAP. for 
diammoium phosphate and SDP. for sodium dihydrogen ortho-phosphate. 
Table 84. Effect of graded levels of two sources of leaf-applied phosphorus sprayed 
with one level of nitrogen on four cultivars of linseed grown with sub-
optimal basal dose of N and P on harvest index (per cent wA '^ basis) at 
harvest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
B +F 
NWP30 W 
B +F 
N60P:(I W 
B +F 
NMii':i. M O P : 
B +¥ 
N60P2(i N10P4 
R +F 
N60P2(l NlOP; 
B +F 
S(0P2i' MUP4 
Mean 
(SDP) 
(SDP) 
(UAPi 
(DAP) 
30.75 
33.75 
30.00 
33.71 
30.49 
32.29 
31.83 
32.22 
33.71 
33.99 
30.38 
32.33 
34.70 
32.89 
34.14 
32.53 
32.06 
33.17 
31.53 
30.02 
32.27 
32.32 
30.45 
30.99 
30.93 
31.31 
31.17 
31.20 
32.36 
32.74 
31.76 
32.05 
31.42 
32.05 
CD at 5% T = NS Cv = NS TxCv = NS 
N.B. A uniform basal dose of 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, NS, for non-significant data, W, for 
double-distilled water, DAP, for diammoium phosphate and SDP, for sodium dihydrogen 
ortho-phosphate. 
Table 85. Effect of graded levels of two sources of leaf-applied phosphorus sprayed 
with one level of nitrogen on four cultivars of linseed grown with sub-optimal 
basal dose of N and P on oil content (per cent w/W basis) at harvest (Mean of 
three replicate) 
Treatments (T) 
(kgOia) 
B +F 
N90P3U W 
B +F 
B +F 
" N 6 O P ; I ' N I O P : ( . S D P ) 
R +F 
N 6 0 P : O N I O P 4 I S D P ) 
B +F 
•N60P2(:i N10P;(DAP) 
r> 1 p 
N60P2(_' NI0P4(DAP) 
Mean 
CD at 5% 
Garima 
39.56 
38.31 
40.39 
38.35 
38.98 
37.74 
38.89 
T = NS 
Cultivars (Cv) 
Mukta 
40.00 
38.15 
37.51 
39.85 
38.61 
38.89 
38.84 
Nee lam 
39.85 
38.50 
38.65 
40.49 
39.25 
38.10 
39.14 
Cv = NS 
Shubhra 
38.60 
37.56 
37.20 
39.11 
38.39 
39.44 
38.38 
TxCv = 
Mean 
39.50 
38.13 
38.44 
39.45 
38.81 
38.54 
NS 
N.B. A uniform basal dose of 30 kg K/lia was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, NS, for non-significant data, W, for 
double-distilled water, DAP, for diammoium phosphate and SDP, for sodium dihydrogen 
ortho-phosphate. 
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4.2.3.1.9 Oil yield 
The effect of treatments and of their interactions with cultivars on oil 
yield as also cultivar differences were significant (Table 86). 
All treatments, except Bf^ gQp2o+ F^ were at par. Of these, treatment Bj^ Q^p2Q 
^ FNIOP2(DAP) 8^^^ 17.08% higher oil yield than Bj^ o^p2o+ F^that gave the 
lowest value. 
Cultivar Neelam (and Shubhra), being at par, gave higher computed value 
for oil production than Mukta which was equalled by Garima. Neelam gave 
20.31% higher oil yield than Garima that proved least productive. 
Regarding the interaction effect, most combinations containing Neelam 
or Shubhra resulted in equally high oil yield. Thus, Bj^ Q^p2Q + FNIOP2(DAP) ^ 
Neelam gave 32.02% higher oil yield than B^ gQp2Q + F^ x Mukta, that proved 
least productive together with some other combinations containing mostly 
Mukta or Garima. 
4.2.3.2 Quality characteristics of the oil 
In this last experiment also, the same two major oil quality parameters 
were studied as selected in earlier trials (Experiments 1-4). Some of the relevant 
data are considered below. 
4.2.3.2.1 Iodine value 
The effect of treatments on iodine value and cultivar differences were 
significant. However, their interaction effect (Treatments x Cultivar) was non-
significant (Table 87). 
Table 86. Effect of graded le\els of two sources of leaf-applied phosphorus sprayed 
with one level of nitrogen on four cultivars of linseed grown with sub-optimal 
basal dose of N and P on oil yield (kg/ha) at harvest (Mean of three replicates) 
Treatments (T) 
(kglia) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
B +F 
NyOP30 » 
B +F 
\ 6 0 P : O VI 
R +F 
B +F 
Nf>'iP:u NI0P4(SDP] 
R +F 
N6OP20 N10P2(DAP) 
R +F 
NWP:i i N10P4(DAPl 
Mean 
CD at 5% 
525.89 
460.32 
518.94 
533.73 
490.68 
506.53 
506.02 
T= 53.36 
536.88 
456.26 
500.32 
503.23 
523.23 
529.40 
508.22 
691.95 642.57 599.32 
506.99 471.56 473.78 
601.64 572.86 548.44 
670.88 596.48 576.08 
602.38 602.42 554.68 
578.98 584.87 549.95 
608.80 578.46 
Cv= 43.57 TxCv= 106.73 
N.B. A uniform basal dose of 30 kg K ha was applied at sowing. 
B stands for basal fertiliser. F, for foliar fertiliser, W, for double-distilled water, DAP, for 
diammoium phosphate and SDP, for sodium dihydrogen ortho-phosphate. 
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AH treatments, except Bj^ c,yp3Q + F^, were at par. The treatment B^ ^^Qp^Q + 
N^i0P2(DAP) §^^^ 6.48% higher iodine value than treatment Bj^ j^ p^jo + F^ that 
gave the lowest value. 
Cultivar Garima surpassed others in iodine value. It was followed by 
Shubhra (equalled by Neelam) and Mukta in that order. Garima gave 13.02% 
higher iodine value than Mukta that showed minimum value, while Neelam 
was superior to it by 4.74%. 
4.2.3.2.2 Fatty acid composition 
The effect of treatments and of their interactions (Treatment x Cultivar) 
on the content of each of the five fatty acids, viz. palmitic, stearic, oleic, linoleic 
and linolenic acid, as also cultivar differences, were non-significant (Table 88). 
Table 87. Effect of graded levels of two sources of leaf-applied phosphorus sprayed 
with one level of nitrogen on four cultivars of linseed grown with sub-optimal 
basal dose of N and P on iodine value at harvest (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
B +F 
N90P30 W 
B +F 
N60P;o W 
B +F 
N60i';ii ' M O P : (SDPI 
B +F 
K«ip;ii ^U)P4^SDPl 
R +F 
N 6 0 P : ( ) ' ^ M O P : (DAP) 
B +F 
N 6 0 P : O M0P4 (DAPl 
Mean 
CD at 5% 
Garima 
180.29 
196.61 
191.34 
197.45 
189.20 
196.79 
191.95 
T = 8.30 
Cultivars (Cv) 
Mukta 
159.85 
173.55 
179.42 
165.49 
171.63 
169.10 
169.84 
Cv = 
Neelam 
169.34 
179.70 
181.64 
175.10 
179.54 
182.00 
177.89 
6.78 
Shubhra 
170.13 
182.69 
188.84 
179.18 
183.25 
181.70 
180.97 
TxCv = NS 
Mean 
169.90 
183.14 
185.31 
179.31 
180.91 
182.40 
1 
N.B. A uniform basal dose of 30 kg K/ha was applied at sowing. 
B stands for basal fertiliser, F, for foliar fertiliser, NS, for non-significant data, W, for 
double-distilled water. DAP, for diammoium phosphate and SDP, for sodium dihydrogen 
ortho-phosphate. 
Tabic 88. 1 ttcci of graded levels of U\(> sources of leaf-applied phosphorus sprayed with one 
levels of nitrogen on four cultivars of linseed gro\Mi with sub-optimal basal dose of 
N and P on fatty acid composition at harvest (Meai^ of three replicates) 
Treatments (T) 
(kg/ha 1 
NWP30 W 
B +F 
"N6'i! ':n'*' '"Moi>; ISDP) 
R +F 
" N & 0 1 ' ; I ; ' ^ N I 0 P 4 ( S D P I 
" N 6 ( J P : O " ' ' ' ' N I O P : IDAP) 
° N 6 0 P : ( ) "*" NIOP4(DAP) 
Mean 
CD at 5% 
B +F 
" N 5 0 P : U " ' ' ' ' W 
"-"NWPrO ^NI0P2(SDP1 
" N 6 O P : O ' ' " ' ' N I O P 4 ( S D P I 
" N 6 O P : ( I "*" N'IOP: (DAPl 
B +F 
" N 6 0 P ; I : ' NI0P4iDAP) Mean 
CD at 5% 
B N * . P 3 . :+I -w 
" \ N I P : I I ^ \ V 
B +F 
"Nwip:ii ' M O P : 
(SDI'i 
" N 6 O P ; U ' ' ' ' 'MuP4(SnPi 
B +F 
"Nf^'P:(: ' M O P : (DAP. B +F 
"N<M.IP:II ' N10P4(DAPi Mean 
CD at 5% 
Garima 
5.49 
5.64 
5.54 
5.36 
5.72 
5.69 
5.57 
T = N S 
6.29 
6.44 
6.37 
6.30 
6.58 
6.39 
6.40 
T = NS 
24.32 
24.59 
25.12 
24.22 
24.39 
25.87 
24.57 
T = NS 
i 
Mukta 
Cultivars (Cv) 
Neelani 
Palmitic acid (16:0) 
5.20 
5.33 
5.18 
5.32 
5.41 
5.29 
5.29 
Stearic 
7.62 
7.35 
7.41 
7.53 
7.68 
7.46 
7.51 
Oleic ; 
22.64 
24.61 
24.87 
24.98 
25.29 
24.85 
24.54 
Cv 
6.34 
6.16 
6.02 
6.34 
6.41 
6.28 
6.26 
= NS 
acid (18:0) 
Cv 
5.99 
6.24 
5.83 
5.98 
6.12 
5.91 
6.01 
= NS 
acid(18:n 
Cv 
23.80 
22.00 
23.29 
21.90 
22.61 
23.86 
22.91 
= NS 
Shubhra 
5.75 
5.33 
5.41 
5.49 
5.66 
5.55 
5.33 
TxCv = 
6.79 
6.36 
6.23 
6.25 
6.52 
6.38 
6.42 
TxCv = 
25.13 
24.64 
26.33 
26.39 
25.85 
26.78 
25.85 
TxCv = 
I 
= NS 
= NS 
= NS 
Vlean 
5.70 
5.62 
5.54 
5.62 
5.80 
5.95 
6.67 
6.60 
6.46 
6.52 
6.~3 
6.54 
23.95 
23.96 
24.90 
24.37 
24.34 
25.34 
Linoleic acid (18:2) 
"N^ip;-, ' ' ^ M O P : ( S D P I 
N O I ' P : - ^ ' ' M O P 4 ( S I ) P ) 
" N 6 0 P ; ( I ' * " ' ' N I 0 P 2 ( D A P ) 
BN6<IP: 
Mean 
CD at 
Bx..;.:, 
-i-F 
0 ' M0P4iUAP 
5% 
B -^ F 
" \ M i ! ' : i ' ' M O P : ( S 1 ) P I 
B +F 
St^.'PZh ' M0P4(Sl:iPi 
B +F 
" N ^ i p : i ' ' M0P:(i)APi 
B +F 
NtH'p:v ' N10P4U).-\Pi 
Mean 
CD at 5% 
13.25 
15.56 
13.93 
13.80 
14.31 
13.82 
14.11 
T = NS 
51.65 
48."2 
49.13 
50.39 
49.00 
48.20 
49.52 
T = NS 
15.53 
14.21 
13.93 
14.67 
15.00 
14.21 
14.59 
Cv 
13.43 
12.35 
13.54 
13.00 
12.42 
13.87 
13.10 
= NS 
Linolenic acid (18:3) 
49.00 
49.58 
48.70 
47.70 
46.80 
48.10 
48.31 
Cv = 
50.51 
53.25 
51.42 
52.00 
52.54 
50.23 
51.65 
= NS 
16.91 
15.80 
15.46 
14.34 
15.79 
16.00 
15.72 
TxC\ = 
45.48 
47.84 
46.72 
47.70 
46.20 
45.49 
46.59 
TxCv = 
= NS 
= NS 
14.71 
14.48 
14.22 
13.95 
14.38 
14.48 
49.19 
49.82 
48.99 
49.45 
48.63 
48.00 
N.B. : A uniform basal dose of 30 kg Kha was applied at sowing. 
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CHAPTER 5 
DISCUSSION 
According to Yoshida (1972), "high grain yield of any crop can be 
achieved only when a proper combination of variety, environment, and 
agronomic practices is obtained.Understanding the physiological processes 
involved in seed production, such as vegetative growth, formation of storage 
organs, and seed fiUing, helps determine the best combination of the above 
three factors, and also suggest what improvements can be made to achieve a 
further increase in grain yield under a given condition". Further, the application 
of dilute solutions of the required nutrients as supplement to soil application 
has proved superior to the single application or even split-application in the 
form of basal and top-dressing (Wittwer and Bukovac, 1969; Afridi and 
Wasiuddin. 1979: Kannan, 1986). It may be recalled (p. 4) that the motivation 
behind the present study on linseed by the author was precisely what Yoshida 
(loc. cit.) indicated albeit primarily for cereals - determination of optimal 
nitrogen and phosphorus and their technique of application based on the physio-
morphological response of the crop and maximisation of economic yield (fibre 
and seed) together with saving on the fertiliser bill, of course without 
compromising on yields and quality. 
All the five field experiments undertaken by the present worker, 
were conducted according to a factorial randomised block design. Thus, the 
results are categorised and discussed in the order (i) the effect of treatments on 
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the performance of the crop (ii) cultivar differences and (iii) interaction effect 
of treatments with cultivars. The performance of the crop was assessed in terms 
of growth parameters, activities of two key enzymes, NPK content of leaves, 
yield characteristics and relevant quality characteristics of the oil. As is evident 
from Chapter 4, growth performance, enzyme activity and nutrient contents qf 
the four cuhivars of linseed were studied in the first two experiments on their 
comparative response to the application of graded doses of nitrogen (Experiment 
1) and phosphorus (Experiment 2) both above and below the doses generally 
recommended for the cultivation of linseed locally, in the presence of adequate 
potassium and irrigation water. The results of these trials projected a clear 
picture of the optimum dose of nitrogen and phosphorus for each variet>' as 
also the physiobiochemical basis of such responses leading to maximisation of 
yield of seed and oil. In the subsequent three experiments (Experiments 3-5). 
the response of the crop to sub-optimal basal application of nitrogen and 
phosphorus, supplemented with graded dilute sprays of these two nutrients, 
was assessed on the basis of yield and quality characteristics only, as the 
physiological response up to 100 DAS and at harvest had been reasonably 
established during Experiments 1 and 2. The three experiments were so designed 
as to determine beyond doubt whether or not supplemental foliar fertilisation 
could be adopted profitably without sacrificing yields and quality. For the sake 
of convenience, the important results of the first two experiments and those of 
the last three experiments are discussed separately in the light of the findings 
of earlier workers. 
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5.1 Experiments 1 and 2 
The parameter-wise data of Experiments 1 and 2 on the effect of 
basal graded doses of nitrogen and phosphorus respectively in four newly 
released high yielding cultivars of linseed, namely Garima, Mukta, Neelam 
and Shubhra. under conditions prevailing in the west of Uttar Pradesh are 
considered below. 
5.1.1 Growth parameters 
It is evident from data in Tables 8-15 and 32-39 that the application 
of nitrogen and phosphorus improved plant height, leaf area, leaf area index, 
fresh weight, dry weight, crop growth rate, net assimilation rate and relative 
growth rate, with basal 90 kgN/ha (Experiment 1) and 30 kg P/ha (Experiment 
2) proving optimum for most of these parameters. Such beneficial effect of 
external supply of nitrogen and phosphorus on growth parameters has also 
been reported for linseed by Mahajan et al. (1986), Raghuwanshi et al. (1987), 
Jain et al. (1989). Khurana et al. (1989), Thakur and Srivastava (1989), Reddaih 
et al. (1993), Dixit et al. (1994), Singh et al. (1994) and Sharma et al. (1997). 
In a normal soil in which plants grow, all essential nutrients are present. 
However, the relative availabilit\ of nutrients influences the growth and 
development of these plants. Continuous cropping may deplete the soil of its 
a\ailable nutrients, particularly N. P and K. Such soils could not properly nourish 
successive crops without addition of sufficient quantity of these nutrients 
(Russell. 1950; Donahue et al., 1990). Thus, addition of basal nitrogen and 
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phosphorus in Experiments! and 2 respectively, potassium being uniformly 
supplied, resulted in better performance of the linseed crop. The promoting 
effect of nitrogen and phosphorus on growth of linseed, like other plants, may 
be explained on the basis of the fact that nitrogen fiinctions as a necessary 
component of biologically important molecules such as amino acids, purines, 
pyrimidines, enzymes, coenzymes, structural proteins and chlorophyll. 
Similarly, phosphorus is also an important component of many metabolically 
important molecules, such as sugar phosphates, nucleosides, nucleotides, nucleic 
acids, phospholipids and coenzymes (Marschner, 1986; Salisbury and Ross, 
1992). Thus, nitrogen and phosphorus are involved directly or indirectly in the 
production and enlargement of new cells and tissues which in turn are 
responsible for increase in height (Tables 8 and 32). leading to better exposure 
of leaves for harvesting solar energy as well as for larger leaf area (Tables 9 
and 33) and LAI (Tables 10 and 34) of treated plants. These 
ph\siomorphological responses are expectedly reflected in the enhanced fresh 
and dr\' weight (Tables 11, 12. 35 and 36) of the treated plants. 
The increase in crop growth rate (Tables 13 and 37), net assimilation 
rate (Tables 14 and 38) and relative growth rate (Tables 15 and 39) also points 
out to the observed enhancement of biomass production mentioned above. This 
cumulative confribution of growth parameter towards fresh as well as dry matter 
accumulation is also brought out by correlation studies as these parameters 
were found to be significantly and positively correlated with fresh and drv' 
weight (Table 89). 
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5.1.2 Enzyme activities 
A perusal of Tables 16,17,40 and 41 reveals that carbonic anhydrase 
and nitrate reductase activities were increased by nitrogen application, with 60 
kg N/ha proving optimum particularly at the first two stages of growth 
(Experiment 1). Similar ameliorating effect of applied nitrogen on carbonic 
anhydrase activity has been reported by Mohammad et al. (1997) for mustard 
and on nitrate reductase activity by Afridi and Hewitt (1964) in several crop 
plants. The spectacular effect of applied nitrogen on these two biochemical 
markers could be expected as, like all other enzymes, they are nitrogenous in 
nature and therefore depend upon this essential nutrient element for their 
production (Marschner, 1986; Salisbur)' and Ross. 1992). For linseed, this is a 
first report from India, 
5.1.3 NPK content of leaves 
In Experiment 1, a clear-cut ameliorating effect of nitrogen 
application on leaf nitrogen content was observed (Table 18). This response is 
a well-known phenomenon in plants and has also been reported for linseed by 
Singh and Mishra (1994) who found considerable increase in leaf nitrogen 
content at pre-flowering and post-flowering stages (as well as at maturity) as 
has been obserxed in the present stud\-. Similarly. Jaggi el al. (1995) found that 
nitrogen application increased leaf nitrogen content at two stages of growth of 
linseed that are roughly comparable to the two later stages (75 and 100 DAS) 
selected in the present study. This beneficial effect of nitrogen application on 
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its concentration in the leaf is on expected lines due to its unhindered (a) 
availability in the soil, (b) absorption by the roots and (c) distribution in the 
tops.Table 90 revealed that nitrogen uptake (nitrogen content x dry weight) by 
the linseed crop was increased very significantly by phosphorus application. It 
increased by 2.5-fold at 50 DAS and 3-fold and even more at 75 and 100 DAS 
respectively due to very high values for nitrogen content (Table 18) and dry 
matter accumulation (Table 12). Further confirmation comes from the positive 
correlation values of nitrogen uptake versus dry matter production (r = 0.994, 
0.976 and 0.995 at 50, 75 and 100 DAS respectively). Similarly, inspite of 
analysis of Table 19 for phosphorus content revealing a non-significant effect, 
phosphorus uptake was found to be significantly increased by nitrogen 
application (Table 91). Thus, the r values for 50. 75 and 100 DAS, showing a 
positive correlation between phosphorus uptake and dry matter, were 0.993. 
0.969 and 0.999 respectively. 
Data of Experiment 1 also revealed that potassium concentration in 
the leaves was decreased by nitrogen application (Table 20). That this is onh 
an illusion is brought out by the computed values of potassium uptake by the 
plant at each of the three stages of grovMh. potassium uptake being positively 
and highl> correlated with dr\ matter (r = 0.999 at all stages). The observed 
adverse effect is, therefore, the common "dilution with growth" phenomenon 
(Table 92). It is interesting to note that the trend of the data of Experiment 2 
(Tables 42-44), regarding phosphorus application are almost similar to those 
of Experiment 1 on nitrogen application in the sense that the effect on nitrogen 
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content was non-significant (Table 42) in this phosphorus trial (cf. Table 19). 
However, potassium content also was not significantly affected (Table 44). 
The significant positive linearly increasing effect of basal phosphorus levels 
on leaf phosphorus content (Table 43) resulted in parallel uptake of this nutrient 
at the three growth stages (Table 94). With all the modesty at his command, the 
present author would like to claim these data as the first report fi-om India on 
linseed, although admittedly. Similar positive relationships between basal 
phosphorus levels and leaf phosphorus content, as also uptake, have been 
reported for some other crops, including oilseeds by Pawar et al. (1990), 
Chourasia et al. (1992), Singh and Mishra (1994), Sharma et al. (1996) and 
Sarode et al. (1997, 1997). The positive high correlation coefficient values for 
phosphorus content vs phosphorus uptake (r = 0.998, 0.960 and 0.980 at 50. 75 
and 100 DAS respectively, and between phosphorus uptake and dr>' matter 
production (r = 0.999, 0.989 and 0.993) at the same three stages of growth 
respectively) further confirm the positive contribution of the applied phosphorus 
towards maintaining high nutritional status of linseed crop on the one hand 
and dry matter production on the other. This is also a new observation made by 
the author on Indian cultivars of linseed. 
Further, as pointed out above while discussing the data of 
Experiment 1. let us analyse Table 90 for the computed values for nitrogen 
uptake and Table 36 for the dr}' matter produced as a result of basal phosphorus 
application in the experiment under discussion. The effect on dry matter 
production was so spectacular that the data on nitrogen uptake by the plant at 
Table 90. Effect of graded levels ot basally applied Non nitrogen uptake (mg per plant) ot 
four cultivars of linseed at three stages of growth (Mean of three replicates) 
Treatments (T) 
(kg ha) 
Garima 
Cultivars (Cv) 
Mukta Neelam Shubhra 
Mean 
50 DAS 
B^K 
B M : . 
Mean 
CD at 5% 
53 
103 
131 
158 
190 
127 
T= 12 
70 
106 
114 
138 
170 
120 
61 
97 
148 
203 
249 
152 
Cv= 10 
75 
101 
136 
184 
194 
138 
TxCv = 
65 
102 
132 
171 
201 
= 23 
75 DAS 
Bv 
Bwo 
Bs«, 
BN90 
BMV, 
Mean 
CD at 5% 
90 
147 
203 
296 
302 
208 
T=18 
96 
172 
216 
244 
280 
201 
92 
149 
227 
305 
318 
218 
Cv = NS 
97 
141 
228 
270 
312 
210 
TxCv = 
94 
152 
218 
278 
303 
NS 
100 DAS 
B^. 
Bs3. 
Bs. 
Bs. 
Bx: 
Mean 
C D at 5°0 
109 
210 
305 
357 
359 
268 
T- 34 
113 
200 
327 
330 
363 
267 
Cv 
126 
249 
361 
436 
505 
335 
= 31 
143 
223 
326 
448 
529 
334 
TxCv = = 68 
123 
221 
330 
393 
439 
N.B. : A uniform basal dose of 30 kg Pand 30 kg K/ha was applied at sowing. 
B stand for basal feililiser. DAS for days after sowing and NS. for non-significant data. 
lahlc 91. ItTect of graded le\els of basall% applied Non piiosphorus uptake (nig per plant) 
of four cultivars of linseed at three stages of growlh (Mean of three replicates) 
Treatments (T) Cultivars (Cv) 
(kg'lia) Mean 
Garima Mukta Neelam Shubhra 
50 DAS 
K 
BN3., 
\ . . 
^ N V -
BM;O 
Mean 
CD at 5% 
7.64 
12.05 
13.81 
14.21 
15.97 
12.74 
T= 1.34 
8.84 
12.42 
12.22 
12.69 
15.26 
12.29 
9.41 
12.17 
17.38 
21.22 
22.22 
16.48 
Cv=1.20 
11.00 
13.19 
14.30 
17.96 
18.10 
14.91 
TxCv = NS 
9.22 
12.42 
14.43 
16.52 
17.89 
75 DAS 
Bs, 
Bs30 
N60 
B^o., 
BM:„ 
Mean 
CD at 5% 
13.25 
18.31 
25.46 
32.71 
31.62 
24.27 
T= 1.95 
13.95 
21.33 
24.46 
24.94 
27.36 
22.41 
16.11 
22.08 
31.93 
41.65 
35.89 
29.53 
Cv=1.75 
15.66 
20.65 
28.61 
35.56 
35.25 
27.14 
TxCv = 
14.74 
20.59 
27.61 
33.72 
32.53 
3.91 
100 DAS 
K 
K. 
%. 
Bs. 
Bv: 
Mean 
CD at 5\ 
20.03 
31.13 
42.52 
46.44 
41.90 
36.40 
T = 2.44 
22.73 
33.07 
45.19 
47.00 
49.03 
39.40 
23.41 
38.12 
50.40 
63.83 
61.44 
47.44 
Cv = 2.19 
27.18 
37.81 
43.59 
58.26 
64.77 
46.32 
TxCv = 4.89 
23.34 
35.03 
45.43 
53.88 
54.29 
N.B. : A uniform basal dose of 30 kg P and 30 kg K/ha was applied at sowing. 
B stand for basal fertiliser, DAS for days after sowing and NS, for non-significant data. 
Tabic 92. litTcct of gnided lc\cls olbasall) applied Non potassium uptake (mg per plant) of 
four cultivars of linseed at three stages of growlh (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
B „^ 
BN., 
%., 
BN.O 
B M 2 0 
Mean 
CD at 5% 
Garima 
66 
103 
118 
122 
138 
109 
1 = 8 
Mukta 
Cultivars (Cv) 
50 DAS 
75 
106 
104 
109 
130 
105 
Cv 
Neelani 
80 
104 
150 
181 
191 
141 
= 7 
Shubhra 
94 
112 
123 
155 
155 
128 
TxCv = 
Mean 
79 
106 
124 
142 
153 
16 
75 DAS 
B.30 
B N 6 0 
BN.O 
BM:O 
Mean 
CD at 5% 
114 
158 
219 
281 
272 
209 
T= 14 
120 
184 
211 
214 
236 
193 
139 
190 
275 
360 
308 
255 
Cv= 12 
135 
178 
246 
307 
305 
234 
TxCv = 28 
127 
178 
238 
291 
280 
100 DAS 
K 
BN30 
K. 
Bs., 
B M : O 
Mean 
CD at 5°/o 
171 
268 
365 
400 
362 
313 
T = 30 
194 
283 
387 
404 
421 
338 
200 
326 
432 
547 
529 
407 
Cv = 27 
232 
323 
374 
500 
555 
397 
TxCv = = 60 
199 
300 
390 
463 
467 
N.B. : A uniform basal dose of 30 kg Pand 30 kg K/ha was applied at sowing. 
B stand for basal fertiliser and DAS for days after sowing. 
I able 93. I'.flcct of graded levels of basally applied P on nitrogen uptake (mg per plant) of 
four cultivars of linseed at three stages of growth (Mean of three replicates) 
Treatments (T) 
(kg'ha) 
B,. 
Bpi5 
Bp30 
Bp45 
Bp60 
Mean 
CD at 5% 
Garima 
97 
121 
145 
149 
135 
129 
T= 12 
Mukta 
Cultivars (Cv) 
50 DAS 
94 
112 
111 
102 
122 
108 
Cv = 
Neelam 
100 
162 
175 
199 
181 
163 
= 10 
Shubhra 
TxCv 
99 
157 
179 
185 
169 
158 
= NS 
Mean 
98 
138 
153 
159 
152 
75 DAS" 
Bp 
B 
B 
B 
Bp6,. 
Mean 
CD at 5° 0 
Pi5 
P3l) 
P-45 
144 
219 
250 
255 
263 
226 
T = 33 
137 
214 
225 
242 
243 
212 
Cv = 
165 
290 
343 
310 
314 
285 
= 29 TxCv 
152 
234 
302 
279 
285 
250 
= NS 
150 
239 
280 
271 
276 
100 DAS 
Bp. 
Bp,5 
Bp, 
Bp45 
Bpw 
Mean 
C D at 5° 0 
229 
322 
335 
370 
376 
327 
T = 43 
210 
321 
346 
316 
335 
306 
Cv = 
283 
423 
436 
505 
465 
422 
= 38 TxCv 
257 
343 
425 
468 
421 
383 
= NS 
245 
352 
386 
415 
399 
N.B. : A unifomi basal dose of 90 kg N and 30 kg K,1ia was applied at sowing. 
B stand for basal fertiliser, DAS for days after sowing and NS, for non-significant data. 
Tabic 94. PlfTcct of graded lc\cls of h;isall\ applied P on phosphorus uptake (mg per plant) 
of four cultivars of linseed at three stages of growth (Mean of three replicates) 
Treatments (T) 
(kg/ha) 
Bpo 
Spi? 
B.30 
Bp,< 
Bp60 
Mean 
CD at 5% 
Garinia 
9.61 
14.16 
16.88 
17.40 
16.61 
14.93 
T = 1 . 5 0 
Mukta 
Cultivars (Cv) 
50 DAS 
10.03 
11,71 
13.10 
13.18 
15.01 
12.61 
Cv = 
Neelani 
10.09 
18.31 
22.19 
23.33 
21.80 
19.14 
1.31 
Shubhra 
10.96 
17.04 
21.57 
21.69 
21.24 
18.50 
TxCv = NS 
Mean 
10.17 
•15.31 
18.44 
18.90 
18.67 
75 DAS~ 
B 
B 
B 
B 
Bp60 
Mean 
CD at 5% 
PO 
PIS 
P30 
P45 
13.28 
23.54 
30.33 
31.10 
32.37 
26.12 
T = 3.01 
15.33 
22.22 
27.68 
25.94 
27.36 
23.71 
Cv 
16.57 
31.35 
39.17 
40.26 
40.10 
33.49 
= 2.69 
15.62 
27.11 
36.91 
38.77 
36.76 
31.03 
TxCv = = NS 
15.20 
26.05 
33.52 
34.02 
34.15 
100 DAS 
Bpo 
Bpi5 
Bp3. 
Bp.. 
Bp., 
Mean 
CD at 5% 
27.87 
38.35 
48.99 
53.00 
51.18 
43.88 
T = 6.04 
27.49 
39.42 
46.09 
42.26 
49.28 
42.31 
31.14 
50.57 
61.70 
67.20 
65.03 
55.13 
Cv = 5.41 
30.17 
44.96 
58.64 
62.84 
63.77 
52.18 
TxCv = = NS 
29.30 
43.32 
53.86 
58.08 
57.31 
N.B . : A uniform basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stand for basal fertiliser. DAS for days after sowing and N S , for non-significant data. 
Tahlc 95. EiTcct of graded levels of basally applied P on potassium uptake (mg per plant) 
of four cultivars of linseed at three stages of growth (Mean of three replicates) 
Treatments (T) 
(kgTia) 
B>. 
Bp. 
B,.. 
Bp45 
Bp6(. 
Mean 
CD at 5% 
Garima 
92 
116 
139 
140 
130 
124 
T=ll 
Mukta 
Cultivars (Cv) 
SODAS 
90 
106 
107 
99 
118 
104 
Cv 
Neelam 
94 
155 
169 
188 
174 
157 
= NS 
Shubhra 
95 
150 
172 
171 
164 
152 
TxCv = NS 
93 
132 
139 
150 
147 
75 DAS 
B. 
Bp,< 
Bp30 
Bp., 
Bp. 
Mean 
C D at 5 % 
BK. 
Bp. 
BP3, 
Bp4. 
Bp«. 
Mean 
C D at 5 % 
135 
209 
241 
246 
254 
217 
T = 28 
221 
310 
331 
364 
368 
319 
T = 36 
131 
203 
217 
230 
232 
203 
Cv = 
100 DAS 
204 
310 
337 
314 
330 
299 
Cv = 
157 
276 
329 
301 
305 
274 
2^5 
270 
407 
428 
492 
455 
410 
32 
145 
225 
291 
273 
277 
242 
TxCv = NS 
247 
334 
416 
456 
417 
374 
142 
228 
270 
263 
267 
236 
340 
378 
407 
393 
TxCv = NS 
N.B. : A uniform basal dose of 90 kg N and 30 kg K/ha was applied at sowing. 
B stand for basal fertiliser, DAS for days after sowing and NS, for non-significant data. 
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50, 75 as well as 100 DAS stages was found to be quite significant (cf. leaf 
nitrogen content that was N.S.). Nitrogen uptake was thus noted to be increased 
about 1.5-fold at 30 kg P/ha at the first (50 DAS) or vegetative stage and last 
growth stage (100 DAS, i.e. fruit-set) stage and about 2-fold at the middle (75 
DAS or post-flowering) stage. This observation throws light on the non-
significant leaf nutrient content data arrived at occasionally by researchers that 
leads to the fallacious inference that the applied nutrient was not effective or as 
effective as the control after entering the plant. The present author wishes to 
suggest humbly that the nutritional status of the plant should be determined 
not only on the basis of the content of the nutrient in the leaf (or plant as a 
whole) but also by computing the value of its accumulation (uptake) in the 
plant. 
5.1,4 Yield characteristics 
Application of nitrogen (Experiment 1) and of phosphorus 
(Experiment 2) enhanced most of the yield parameters, among which fibre 
content (Table 21). seed yield (Table 25). biological \'ield (Table 26) and oil 
yield (Table 29) are prominent. For all the significant yield-attributing 
parameters and seed yields and oil. 90 kg N/ha proved optimum, as in the case 
of growth characteristics, except the N.S. oil content (Table 28) and oil yield 
(Table 29). the latter being maximum at 60 kg N Tia (at par with 90 kg N/ha ). 
In Experiment 2 on phosphorus application. 30 kg P/ha proved optimum for 
all the important yield characteristics, except 1.000-seed weight (Table 48) 
and oil content (Table 52). Similar beneficial effect of nitrogen as well as 
I l l 
phosphorus on yield and yield attributes of linseed has also been reported by 
other workers, including Samiullah et al. (1982), Singh et al. (1982), Guleria 
and Singh (1984), Rafey et al. (1988), Awasthi et al. (1989), Mohammad (1989, 
1994). Bassi and Badiyala (1992), Singh et al. (1993), Chaubey and Dwivedi 
(1995). Dutta et al. (1995), Samui et al. (1995), Khare et al. (1996). Sharma et al. 
(1996. 1997) and Sarode et al. (1997, 1998). 
Increase in the surface area of leaves and the computed leaf aree 
index (LAI) of treated plants noted in Experiment 1 (Tables 9 and 10) and 
Experiment 2 (Tables 33 and 34) seems to be primarily responsible for parallel 
increase in seed yield (Tables 25 and 49; Figures 4 and 6). Apparently, the 
gieater the surface area of the leaf and consequent LAI, the better equipped it 
w ould be to harvest radiant energ}' and to produce more photosynthates. This 
is clearly borne out by the higher dry weight and net assimilation rate of treated 
plants (Tables 12. 14; 36. 38). The satisfactory' higher uptake of the essential 
nutrients, particularly of nitrogen, phosphorus and potassium in Experiments 
1 and 2 (Tables 90-95), manifested clearly in the positive response of various 
gro\\1h parameters to nitrogen application (Tables 11-15) and to phosphorus 
application (Tables 35-39). Thus, enhanced dry matter production (Tables 12 
and 36) by the treated plants, particularly at the time of flowering (75 DAS) 
and fruiting (100 DAS), would be expected to lead to higher yields, depending 
on the efficiency of the cultivars for proper partitioning of photosynthates into 
reproductive and vegetative parts and of retaining them till harvest in their 
seeds as well as fibres in the case of linseed. Indeed, it is highly gratifying to 
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note that the fibre content, capsule production and seeds/capsule all responded 
satisfactorily to the application of nitrogen, particularly at 90 kg N/ha (Tables 
21-23) and of phosphorus at 30 kg P/ha (Tables 45-47). Even 1,000-seed weight 
also responded to phosphorus application in Experiment 2 (Table 47). The 
positive response of the yield attributing parameters would be expected to exhibit 
their cummulative effect in the form of enhanced yields of seed as well as total 
produce and this was more than confirmed unequivocally in both experiments 
(Tables 25 and 49). 
A discordant note is, however, sounded by the data on harvest index 
w hich showed an inverse relationship to the levels of applied nitrogen (Table 
27) in Experiment 1 and a non-significant effect in Experiment 2 (Table 51). 
Obviously, nitrogen application led to enhanced vegetative growth throughout 
the life of the treated plants (Tables 8-15) as in the case of other plants in 
general (Marschner. 4986). After fruit set, this unfavourable partitioning of the 
photosynthates led to the adverse harvest index noted above (Table 27). 
The abo\e propositions and explanations about a positive response 
of various growth and yield attributing characteristics to seed yield as a result 
of application of nitrogen and phosphorus in Experiment 1 and 2 respectively 
are further supported by the correlation studies wherein seed yield was found 
to be significantly and positiveh' related throughout the growth period. For 
example, the values for seed yield versus nitrogen uptake were r = 0.979 and 
0.969. for phosphorus uptake r = 0.990 and 0.998 and for potassium uptake r = 
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0.989 and 0.976. Similarly, the values r = 0.996 and 0.989 for number of capsules 
per plant, r = 0.997 and 0.988 for number of seeds per capsule and r = 0.994 
and 0.999 for biological yield are self-explanatory. It may be added that fibre 
content also was found to be significantly and positively correlated at 100 
DAS with dry matter (r = 0.991 and 0.989) and with biological yield at harvest 
(r-0.998 and 0.988). 
The finding regarding the ameliorating effect of basal phosphorus 
on oil content, as noted in Experiment 2 (Table 52), confinns the earlier work 
of Khurana et al. (1989), Mohammad (1989), Yadav et al. (1990), Chaubey et 
a/. (1993) and Dwivedi and Chaubey (1995). Such beneficial effect of 
phosphorus application on oil content could be traced to the fiinction of 
phosphorus in plants as it is a constituent of several important coenzymes, 
including nicotinamide adenine dinucleotide and nicotinamide adenine 
dinucleotide phosphate which play an important role in fatt) acid synthesis 
and other allied processes (Devlin and Witham. 1986). 
The higher value of oil yield in plants receiving basal nitrogen in 
Experiment 1 and phosphorus in Experiment 2 (Table 29. 53; Figures 5,7) is 
not unexpected as it was computed on the basis of yield of seeds and their oil 
content. Obviously, the higher value of seed yield in both experiments as well 
as of oil content in Experiment 2 was probably responsible for higher values of 
oil yield in the two trials. This is a new dimension in Indian linseed research to 
which the present author has drawn attention for the first time as such 
manipulated increase in oil yield would mean higher productivity of oil. 
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5.1.5 Quality characteristics of the oil 
Unlike the good effect of nitrogen and phosphorus application on 
growth and on seed and oil yield of linseed, the effect on oil quality, prescribed 
for paint industry, was not found to be desirable (Tables 30, 31; 54, 55). For 
example, basal nitrogen decreased iodine value, linoleic acid and decrease in 
linolenic acid content and linolenic acid content of oil. However, the increase 
in oleic acid content by the treatments is a plus point for human consumption, 
although linseed oil is not used extensively for this purpose. Decrease in iodine 
value in linseed due to nitrogen application has also been reported elsewhere 
including Anonymous (1951), Dybing (1964), Yermanos et al. (1964) and Singh 
and Singh (1978). A similar depressing effect of phosphorus application has 
been reported by Singh and Singh (1978). 
The observed decrease in iodine value seems to have resulted from 
low values of linolenic acid content. On the other hand, the increase in oleic 
acid content due to application of either of the two nutrients (Tables 31. 55) 
might be due to their unfavourable effect on linolenic acid noted above whicn 
means that oleic acid accumulates in the seeds at the expense of linolenic acid. 
A similar effect on oleic acid content in linseed due to increased uptake of 
nitrogen (Tables 90, 93) has been reported by Dasgupta and Ghosh (1977). 
The depressing effect of nitrogen and phosphorus application on linolenic acid 
content of oil in linseed, however, is probably a new report from India. 
5.1.6 Cultivar response 
Let us now compare the performance of the four linseed cultivars. 
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viz. Garima, Mukta, Neelam and Shubhra, in the two experiments with regard 
to growth characteristics, enzyme activities, NPK content of leaves and yield 
and quality parameters. It is evident from Tables 25,29,49, 53; Figures 4,5,6,7 
that cultivars Neelam and Shubhra, being at par with respect to most parameter, 
including seed and oil yield, proved most efficient. This was confirmed in all 
subsequent trials (Experiments 3-5) and particularly in Experiment 2 on 
phosphorus application (Tables 40. 53). The superior performance of Neelam 
(and Shubhra) thus commends their adoption for large scale cultivation in 
western Uttar Pradesh. This would ensure higher productivity and returns for 
the farmers and enhance availabilit}' for the consumer. Similar differences among 
other cultivars of linseed have also been reported from different parts of India 
by Dwivedi and Patel (1987). Sharma and Roy (1987), Thakur and Srivastava (1989), 
Pawar ei al. (1990). Pawar et al. (1992), Dbdt et aJ. (1994) and Singh et al. (1994). 
The better yield performance of Neelam and Shubhra is not 
surprising as their growth behaviour (Tables 8-15; 32-39) was also superior to 
Garima and Mukta. Neelam and Shubhra were also better adopted for ertzyme 
activities (Tables 16. 17: 40. 41) and for absorbing and translocating nitrogen, 
phosphorus and potassium from the soil (Tables 18-20; 42-44). This culminated 
in the production of maximum capsules per plant (Tables 22; 46) and seeds per 
capsules (Tables 23; 47). No wonder that highest seed and oil yields (Table 25, 
29; 49. 53) were recorded in these two cultivars. From the point of quality also, 
Neelam and Shubhra proved superior to Garima and Mukta as the iodine value 
of the former was much higher than that of the latter cultivars, thus making 
them better suited for the paint industr>' (Tables 30; 54). 
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5.1.7 Interaction effect 
The perusal of the data of Experiment 1 regarding the effect of 
Nitrogen x Cuhivar interaction on growth (Tables 8-15), enzyme activities 
(Tables 16, 17), leaf NPK content (Tables 18-20), yield attributes (Tables 21-
29), seed and oil productivity (Tables 25, 29; Figures 4, 5) and oil quality 
(Tables 30. 31) revealed that 90 kg N/ha x Neelm (as also Shubhra) was generally 
more effective for most of these characters. This interaction enhanced, for 
example, seed yield by 130.82% and oil yield by 112.58% than the interaction 
of no-nitrogen x Cultivar, e.g. Garima that gave the lowest value for these two 
important parameters (seed and oil yield). However, 60 kg N/ha interacted 
comparative!} better with Mukta as well as Garima for many characterstics, 
including economic yields than 0 kg N/ha x Mukta (or Garima). This means 
that although these cultivars were not as high yielding as Neelam and Shubhra, 
farmers hard of cash to invest in inputs, including fertiliser, would be well 
advised to use only 60 kg N/ha and not the recommended dose (90 kg N/ha). 
Considering the entire data of Experiments 1 and 2 regarding, the 
overall Treatment x Cultivar interaction effect on various parameters, it was 
seems reasonable to assume that the genetic potential of Neelam and Shubhra 
was superior to that of the other two cultivars and could be exploited maximally 
if they were grown with 90 kg N/ha + 30 kg P/ha (+ 30 kg K/ha). On the other 
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hand, Mukta and Garima would require not more than 60 kg N/ha + 30 kg P/ha 
(+ 30 kg K/ha). This conclusion is also claimed by the author as first report 
since no such reports are available for the local agroclimatic conditions. 
5.2 Experiments 3, 4 and 5 
It may be recalled that Experiments 3 and 4 were performed with 
the aim to determine (a) the feasibilit) of attaining nitrogen and phosphorus 
economy respectively by spraying graded levels of supplemental nitrogen or 
phosphorus respectively on the foliage of the four cultivars of linseed grown 
with sub-optimal basal doses of nitrogen or phosphorus and (b) the comparative 
efficacy of these treatments with regard only to yield attributing characteristics 
and oil quality. In Experiment 5. emphasis was laid on fertiliser economy 
coupled with maximising yields of the same four culti\'ars. To achieve this 
objective, comparison was also made of the efficacy of two sources of foliar 
phosphorus (a) sodium dihydrogen orthophosphate (SDP) already tested in 
Experiment 4 and (b) diammonium phosphate (DAP) which is a less expensive 
source of both phosphorus and nitrogen and the local fanners are familiar with 
its use. 
5.2.1 Effect of treatments 
As explained earlier (p. 85). the efTicac} of the treatments was 
assessed on the basis only of yields and oil quality. 
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5.2.1.1 Yield parameters 
The perusal of the results of Experiments 3, 4 and 5 (Tables 56-64, 
67-75, 78-86 and Figures 8-13) reveals several interesting points. First, the 
supplemental spray application of nitrogen in Experiment 3 (BJ^^Q+FJ^^Q, 
'^N-Mi"*^^ N:O '^''*^ ^\6o''"^N30^' °^ phosphorus in Experiment 4 (Bpjo+Fpj and 
Bp,,+F,,^) and in combined form (B^^ .^ yp.Q+Fj^ jQp-, and B ,^^ op2o+F>^ ,,Qp_j) in 
Experiment 5 resulted in higher \'alues for fibre content, capsule number, seed 
number and seed and oil yield than those of the comparable water-sprayed 
controls (B^^^ _ F^. in Experiment 3. Bp^^ + F^, in Experiment 4 and B^^ p^^ Q + 
F^ ;^  in Experiment 5). It is noieworth\ that these high values were at par with 
those of the other control (Bj^ .(jQp,p-F^ .^). comprising the optimal doses of 
nitrogen and phosphorus respecti\el> determined earlier, thus confirming the 
results of Experiment 1 and 2. Secondl_\. the comparison of treatment B^J^,J+F^.,Q 
Nsith B,^ ,^(|~l-^ ^ in Experiment 3 and of Bp,^,^Fp^ with Bp,^+F^^, in Experiment 4 
confirmed the etTicacN' of supplemental foliar application o\ er that of basal 
nitrogen (Experiment 3) and basal phosphorus (Experiment 4). Thus. 20 kg N 
ha was sa\ed in the foliar nitrogen trial and 8 kg P/ha through phosphorus 
spra_\ in the penultimate experiment. \\ ithout sacrificing optimisation of yields. 
Thirdl>. on comparing foliar treatment Bj^ p^pTQ+Fj^ .mpT^^ j^^ Pi with 
° N O O P : { ) " ' ' ' " N I O P ; ( D A P ) ^ " " " N 6 0 P ; U ^ ' N 1 0 P 4 ( S D P ) '^ '^ ' '^" " N 6 0 P 2 0 ^ ^ M 0 P 4 ( D A P I 
(Fxperiment 5). it emerged that both sources of spra\- phosphorus (SDP and 
DAP) are equall> effecti\e pointing out that DAP could be used equalh 
etTecti\el\. 
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These data broadly confirm the findings of Parvaiz et al. (1982), 
Afridi et al. (1983), SamiuUah et al. (1985) and Mohammad et al. (1987) on 
mustard and Mohammad (1989 and 1994) on linseed. In the opinion of the 
present researcher also, the ensured ready availability of the sprayed essential 
nutrients at the site of their metabolism by applying them at critical growth 
stages at which the demand of the crop was probably not being met fully from 
the soil, helped in the fullest realisation of the genetic potential of the linseed 
crop under trial. 
The correlation studies revealed that capsules per plant showed 
significant positive correlation (r = 0.941 and 0.934) with fibre and seed yield 
respectively in Experiment 3 and thus contributed towards fibre and seed 
production. Similar correlation was also obtained in Experiment 4 between 
capsules per plant (r = 0.959 and 0.940), seeds per capsule (r = 0.961 and 
0.967) and 1,000-seed weight (r = 0.926 and 0.905). with fibre and seed yield 
respectively and in Experiment 5. between capsules per plant (r = 0.928 and 
0.949) and seeds per c^sule (r=0.959 and 0.942) with fibre and seed yield respectively. 
The remarkable contribution of these yield attributing parameters 
thus culminated in maximisation of fibre (Tables 56, 67. 78), and of seed and 
oil yield (Tables 60. 64, 71, 75, 82, 86; Figure. 8-13). To highlight the point, 
one example from the data of Experiment 5 should suffice. Treatment 
N^60P^ o'^ N^iop-^ (SDP) §^^^ 10.79. 15.03 and 15.76% higher fibre, seed and oil 
yield respectively than the control (Bj^ gQp-,Q + F^) and proved as efficient as the 
recommended basal doses of 90 kg N and 30 kg P/ha optimum in Experiments 
1 and 2 respectively in the present study. 
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That the foliar application of phosphorus was highly efficacious in 
enhancing the harvest index (ratio of economic to biological yields) as evidenced 
by Table 73 further confirms the desirability of the adoption of supplemental 
foliar spray technique as a routine practice (cf Table 51 for basal phosphorus 
application comprising non-significant data). 
It may also be noted that in the spray treatments of these experiments, 
the lower doses (10 kg N/lia in Experiment 3 and 2 kg P/ha in Experiments 4 
and 5) proved equally efficacious for various parameters in comparison with 
those of the higher doses (20 and 30 kg N/ha in Experiment 3 and 4 kg P/ha in 
Experiments 4 and 5). The lowest doses in these experiments seem to have met 
the full requirement of the crop till har\est. thus redeeming the observation on 
"hidden hunger" due to fertiliser losses with time in the crop grown even with 
substantial higher doses (Bj^ ^Qp^ p^ F^ )^ as noted earlier on p. 4. 
5.2.1.2 Quality characteristic of the oil 
The effect of spra\ed nitrogen (Experiment 3) and of phosphorus 
applied to the leaves with nitrogen (Experiment 5) was noted to be non-
significant (Tables 65. 66; 87.88). However, in Experiment 4 a significant 
depressing effect of spray phosphorus was observed on linolenic acid content 
(Table 77), confirming the obser\ ation made in Experiment 2 (Table 55) where 
phosphorus was applied basalh. This undoubtedl) is a new observation (see 
also p. 84) on Indian linseed. 
5.2.2 Cultivar response 
A comparison of the \ield performance of linseed cultivars (Garima, 
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Mukta. Neelam and Shubhra) in Experiment 3,4 and 5 sliowed liiat the superior 
cultivars Neelam and Shubhra were at par with each other like the low-
performing Garima and Mukta, with regard to most parameters, including fibre 
content, seed yield and oil yield (Tables 56, 60, 64, 67, 71, 75, 78, 82, 86 and 
Figures 8-13). As in earlier experiments (Experiments 1 and 2), cultivar Neelam 
gave 40.11, 32.70 and 19.36% higher seed yield and 38.21, 31.79 and 20.31% 
higher oil yield in Experiments 3, 4 and 5 respectively than Mukta. Thus, the 
data of these experiments confirmed the observation of Experiments 1 and 2. 
The superior performance of Neelam and Shubhra is not difficult to 
understand if comparison of individual yield attributing parameters is made in 
each trial. For example. Neelam had 39.54, 41.93 and 27.76% more capsules 
than Mukta in Experiments 3. 4 and 5 respectively (Tables 57, 68 and 78). 
Regarding quality. Neelam emerged the better cultivar in these experiments, 
particularly in Experiment 3 as it had higher iodine value. However, Shubhra 
caught up with it in Experiment 4 as in Experiment 2 (see p. 84) indicating that 
Shubhra has a better machinery to utilise phosphorus for the purpose of quick 
dr\'ing of oil due to enhanced capacity' for absorbing atmospheric oxygen. This 
conjecture has been put forw ard for the first time. 
5.2.3 Interaction effect 
On comparing the overall interaction effect (Treatment x Cultivar) 
on the two most important yield parameters, namely seed yield and oil yield, 
Bj^ Q^+Fj^ ,,Q X Neelam (or Shubhra) proved best in Experiment 3 (Figures 8, 9). 
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Thus, it produced 63.73% more seed and 64.51% more oil than BJ^^Q+F^J^J X 
Garima that gave the lowest values (Tables 60,64). However, in Experiment 4, 
the interaction effect on the various parameters was non-significant (Tables 
67-77; Figures 10, 11 ).The perusal of the data of Experiment 5, regarding the 
interaction effect on the two yields (Tables 82, 86: Figures 12, 13) revealed 
that the effect of B^^ Qp-,Q+Fj^ iyp^  j^^p x Neelam (as well as Shubhra). was 
outstanding, particularly on economic consideration as, in this treatment, the 
source of the sprayed phosphorus was the inexpensive diammonium phosphate 
(DAP) whose efficacy was compared w ith the more expensive laboratory,' grade 
sodium dihydrogen orthophosphate (SDP). Thus, combination BN^OP^O'^^NIOP'' (DAP) -^  
Neelam produced 28.37% and 32.03% more seed (Table 82) and oil (Table 86) 
respectively than Bj^ Q^pT^ +F^ ^^  x Mukta which gave the lowest values. 
.Additionally, this combination also had no adverse effect on iodine value and 
fatt\ acid composition of oil. .A.s the yields of seed and oil with this combination 
were at par with those of the recommended dose (90 kg N + 30 kg P/ha) x 
Neelam (Tables 82. 86; Figure 12. 13). the adxantage with foliar spra) is a net 
sa\ing of 20 kgN and 8 kg P/ha preferabh as diammonium phosphate whep 
grown with a sub-optimal dose of nitrogen (60 kg N/fia) and phosphorus (20 
kg P/ha). This is also a new report for linseed and the technique ma\ be 
recommended for exploitation as a measure of efficacy cum economy. 
5.3 Resume' of discussion 
From the foregoing discussion the follow ing points emerge and these 
may be claimed as first reports in the literature on the mineral nutrition of 
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Indian linseeds : 
1. The comparative performance of four newly released cultivars of linseed, 
namely Garima, Neelam, Mukta and Shubhra ofFicialy claimed suitable 
for the agroclimate of western Uttar Pradesh, was studied in detail in 
relation to their requirement of nitrogen and phosphorus in the presence 
of adequate basally added potassium. 
2. There was a beneficial effect of the basally added nitrogen and 
phosphorus on the performance of each of these linseed cultivars. 
3. Of the four cultivars, Neelam and Shubhra showed a higher requirement 
of nitrogen (90 kg N/ha) whereas Garima and Mukta performed best at 
60 kg N/ha. However, in final analysis, the productivity of the former 
two was better than the latter two cultivars in terms of seed yield. 
4. Application of 60 kg N/ha, however, proved best for oil yield of the 
linseed cultivars. This has an economic bearing for the spilling mill 
(oil) industr}'. 
5. The factors that contributed to the maximisation of seed and oil yield 
were the increase in (a) growth rate of the crop, (b) biochemical activity 
as revealed by carbonic anh\drase and nitrate reductase activities, (c) 
uptake of nitrogen, phosphorus and potassium, (d) production of dry 
matter, and (e) capsules per plant; seeds per capsule; 1,000-seed weight 
and oil content (in the case of applied phosphorus onl}). This conclusion 
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is not only based on the data but also on computation of coefficients of 
correlation. 
6. There was an adverse effect of nitrogen application on the harvest index 
of tlie cultivars due to prolific stimulation of vegetative growth. However, 
seed and oil yield were not affected adversely and fibre content was 
enhanced by the applied nitrogen. 
7. The phosphorus requirement of the crop was 30 kg P/ha. 
8. The decrease in iodine \ alue as a result of nitrogen and phosphorus 
application to the soil was an undesirable effect for the paint industr}' -
a major consumer of linseed oil. However, fatty acid composition of oil 
w as favourably affected, atleast by nitrogen application, making the oil 
more suitable for human consumption. 
9. Unlike nitrogen, application of basal phosphorus did not affect the harvest 
index. 
10. The cumulative effect of sub-optimal soil application of 60 kg NTia and 
spra> of onl>' 10 kg N/ha (total = 70 kg N/ha) proved as effective as the 
application of the optimal basal dose of 90 kg N/ha, resulting in a saving 
of 20 kg N/ha. 
11. Not more than 10 kg N/ha in the supplemental spray was required by 
the linseed crop when grown with the sub-optimal basal dose of 60 kg 
N/ha. 
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12. Similarly, the combination of 20 kg P/ha(basal) and 2 kg P/ha (foliar), 
totalling 22 kg P/ha, proved at par with the recommended basal dose of 
30 kg P/ha and confirmed by the present author, in the presence of 
adequate nitrogen and potassium applied basally. This technique leads 
to a saving of 8 kg P/ha without compromising maximum productivity. 
Also, this combination decreased the linolenic acid content of linseed oil. 
13. As in the case of nitrogen, not more than 2 kg P/ha as spray to supplement 
the sub-optimal basal phosphorus dose of 20 kg P/ha was needed b>' the crop. 
14. Lastly, when laboratory' grade sodium dihydrogen orthophosphate (SDP) 
was compared with the less expensive commercial grade diammonium 
phosphate (DAP) as spray material, the two were found to be equally 
effective (at 2 kg P/lia). Thus, on economic considerations, the latter 
(DAP) may be prefered. while adopting the technique of supplemental 
foliar fertilisation. 
To put the above in a nut shell, it may be concluded that the genetic 
potential of the two higher yielding cultivars of linseed, namely Neelam and 
Shubhra. could be maximalh' realised if they were grown with a sub-optimal 
dose of 60 kg N + 20 kg P/Tia in the presence of 30 kg Klia. supplemented with 
the combined foliar spray of 10 kg N + 2 kg P/ha (as diammonium phosphate). 
However, if the spray facilities are not available (as in the case of poor and 
marginal Indian farmers), they should be grown with a basal dressing of 90 kg 
N ^ 30 kg P - 30 kg K/ha. The other two cultivars. viz. Garima and Mukta 
ma} better be grown, if at all, with only 60 kg N + 30 kg P + 30 kg K/ha as a 
measure of economv. 
CHAPTER 6 
SUMMARY 
CHAPTER 6 
S U M M A R Y 
The present thesis comprises six chapters. In Chapter 1, the importance 
of the problem ""Physiomorphological Studies on N and P Nutrition of Linseed" 
has been discussed briefly. In view of the lacunae in the understanding of the 
problem, justifications have been put forward for undertaking the present work. 
Moreover, the logical basis of each of the five experiments undertaken has 
been brieflv mentioned. 
In Chapter 2, relevant literature pertaining to mineral nutrition of linseed 
has been reviewed. 
Chapter 3 consists of the materials and methods employed for the five 
field experiments and the relevant meteorological and edaphic data. 
Chapter 4 includes the detailed data regarding crop response based on 
growth and yield characteristics, leaf N. P and K contents and seed and oil 
quality. These were mostly found significant on statistical analysis at P>0.05. 
The salient data of the five field experiments, each conducted in the "Rabi" 
(winter) season according to factorial randomised block design, are summarised 
below : 
The results of Experiment 1, conducted during the winter of 1994-95 to 
study the effect of five levels of basal nitrogen (Bj^ .). viz. 0, 30. 60, 90 and 120 
kg N/ha. on the performance of four cultivars of linseed, namely Garima, Mukta, 
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Neelam and Shubhra, in the presence of sufficient basally applied P and K, 
established that : 
(i) Application of 90 kg N/ha was best for most growth and yield 
parameters, including seed yield. 
(ii) Cultivars Neelam and Shubhra showed equal and better response than 
Garima and Mukta (that also showed parity) with regard to many 
parameters studied. 
(iii) The interaction between 90 kg N/ha and Neelam (or Shubhra) was best 
for most parameters. 
The data of Experiment 2. conducted during the winter of 1995-96 to 
determine the optimum requirement of basal phosphorus out of 0. 15. 30, 45 
and 60 kg P/ha along with the best dose of nitrogen (90 kg/ha) determined in 
Experiment 1 and sufficient K, showed that: 
(i) Application of 30 kg P/ha was best for most of the growth and yield 
characteristics. 
(ii) Cultixar Neelam. being at par with Shubhra. responded better than the 
other two cultivars. This confirmed the superior performance of Neelam 
and Shubhra noted in Experiment 1. 
(iii) The interaction effect of phosphorus with cultivars was non-significant 
for most of the parameters, including seed and oil yield. 
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The findings of Experiment 3, performed simultaneously with Experiment 
2 and aimed at exploring the possibility of nitrogen economy by testing the 
efficacy of three levels of supplemental foliar application of nitrogen (F^ )^ i.e. 
10. 20 and 30 kg N/ha. on the performance of the four cultivars of linseed 
grown with a sub-optimal basal dose of nitrogen (BJ^^Q) and by comparing it 
with that of two controls sprayed with deionised water only (F^) and receiving 
either 90 kg N/ha (Control 1) or 60 kg N/ha (Control 2), the treatments being 
designated as (1) B ,^^ ^ + F^ (Control 1). (2) B .^^ ^ + F^ (Control 2), (3) B^..^ + 
Fj^ .jQ. (4) Bj^ .^ Q + Fj^ ,2o ^"^ (^) ^N60 ^ fN30 "^*^  ^^ ^ receiving sufficient P and K. 
revealed that: 
(i) Treatment B^^Q + FJ^ ^Q proved at par with BJ^ ^Q + F^, and was best for 
almost all characteristics, including seed and oil yield, indicating a saving of 
20 kg N/ha as well as ensuring high yields and better seed and oil quality. 
(ii) Culti\ ars Neelam and Shubhra, being at par for most parameters studied, 
performed better than Garima and Mukta which were also at par with each 
other for most characters. The better perfonnance of Neelam and Shubhra was 
thus confirmed beyond doubt. 
(iii) The interactions Bj^ .^ ^ + Fj^ j^ x Neelam or Shubhra proved best for almost 
all parameters. 
The results of Experiment 4 (1996-1997) was conducted on the lines of 
Experiment 3 and aimed at testing the feasibility of phosphorus economy by 
spra\ing tw o supplemental levels of phosphorus (2 and 4 kg P/ha) on the same 
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four cultivars of linseed grown with sub-optimal basal phosphorus (Epj^) and 
sufficient N and K. Their performance was compared with two water-sprayed 
controls, one receiving 30 kg P/ha and the other, 20 kg P/ha basally, the 
treatments being designated as : (1) BpjQ + F^, (Control 1), (2) Bp-,Q + F^ (Control 
2). (3) Bp2(,+ Fp2 and (4) Bp2o + Fp .^ The data indicated that. 
(i) Bp-,Q + Fp-, was at par with Bp^ ^ + F^, and superior to all other treatment's 
for most of the characteristics. It, thus, indicated a saving of 8 kg/ha 
while giving high yields and quality. 
(ii) Cultivar Neelam (equalled by Shubra) maintained superiorly over the 
other two cultivars in this trial also. 
(iii) The interaction effect (Treatment x Culti\'ar) was non-significant for all 
characteristics. 
Experiment 5. conducted simultaneously with Experiment 4. was planned 
to explore the possibilit\- of increasing the yield further together with econom\ 
in the fertiliser budget. For these dual aims, the four cultivars of linseed were 
grown with sub-optimal basal dose of both N and P (BJ^ ,^ QP2Q) combined with 
sufficient K and (i) given foliar sprays of two combinations of these nutrients 
(Fj^ .jpp^  and F^ .^j^ p^ ) and (ii) by including a non-expensive source of P. i.e. 
commercial grade diammonium phosphate (DAP) as against the rather costK 
laborator> grade sodium dih\drogen orthophosphate (SDP) sprayed in 
Experiment 4. Two controls ( 0 Bj^ Q^p3Q+ F^.. consisting of the optimum basal 
dose of 90 kg N and 30 kg P (Control 1) and (2) Bj^ ,^ Qp^ y + F .^, consisting of the 
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sub-optimal 60 kg N and 20 kg P (Control 2), were sprayed with deionised 
water only. Thus, the treatments were : (1) Bj^ ^^ pj^  + F^ (Control 1), (2) Bj^ ^^ p^ Q 
l^, . ( C o n t r o l ^), ( 3 ) B^^^p^Q ^ N 1 0 P 2 ( S D P ) - ^'^' ^ N 6 0 P 2 0 "*" ^ N 1 0 P 4 ( S D P ) ' ^-'' 
BN60P:O + ^S)0V2 (DAP, ^nd (6) B^ o^p2o + F j^op^ ^^^p^. Briefly, the following 
results were obtained : 
(i) The treatment B^^^^^^ + F^^^^^ ^^AP)' ^^ing at par with B^^^^^^ + F^. 
was best for most characteristics, including seed and oil yield, thus 
establishing considerable economy and quality of fertiliseras well as 
utility of low cost DAP while ensuring high yields. 
(ii) The response of Neelam (and Shubhra) was again much better than that 
of Garima (and Mukta). 
(iii) The interaction effect of Bj^ ,^Qp-,Q + F^ ,,QpT (DAP)^^'^'^ Neelam (and Shubra, 
being at par), proved best for most of the parameters studied, including 
seed and oil yield. 
In Chapter 5. the main results have been discussed in the light of the 
correlation studies undertaken by the author and the findings of earlier workers 
in his laboraton.' and elsewhere. 
The present chapter is followed by an up-to-date bibliography of the 
references cited in the text and the latter, by an appendix containing the various 
tbrmulations eniplo} ed for chemical analysis. 
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APPENDIX 
APPENDIX 
Reagents for determination of carbonic anhydrase activity 
1. Bromothymol blue indicator in ethanol (0.002%) 
0.002 g bromothymol blue was dissolved in approximately 
lOOmlDDW. 
2. Cystein hydrochloride solution (0.2 M) 
48 g cystein hydrochloride was dissolved in sufficient DDW 
and final volume was made upto 1000 ml with DDW-
3. Hydrochloric acid (0.05 N) 
4.3 ml pure hydrochloric acid was mixed with 005.7 ml DDW. 
4. Phosphate buffer (0.2 M ) for pH 6.8 
This was prepared by dissolving 27.80 g sodium dihydrogen 
ortho-phosphate and 53.65 g di-sodium hydrogen ortho-phosphate in 
sufficient DDW separately and final volume of each was maintained up 
to 1000 ml with DDW. To get pH 6.8. 5 ml of monobasic sodium 
phosphate solution was mixed with 49 ml of dibasic sodium phosphate 
solution and diluted to 200 ml with DDW. 
5. Sodium bicarbonate solution (0.2 M) in 0.02 M sodium hydroxide 
solution 
16.8 g sodium bicarbonate \\ as dissolved in sodium hydroxide 
solution (0.8 g NaOH/1) and final \olume was maintained up to 1000 
ml with the sodium hvdroxide solution. 
Reagents required for the estimation of nitrate reductase activit} 
1. Isopropanol solution (SVo) 
5 ml isopropanol was mixed 95 ml DDW. 
2. Naphthylethylenediamine dihydrochloride (NED-HCl) solution 
(0.02%) 
20 mg naphthylethylenediamine dihydrochloride was dissolved 
in sufficient DDW and final volume was maintained up to 100 ml with 
DDW. 
3. Phosphate buffer (O.IM) for pH 7.5 
(a) 13.6 g potassium dihydrogen orthophosphate was dissolved in 
sufficient DDW and final volume was made up to 1000 ml with DDW. 
(b) 17.42 g dipotassium hydrogen orthophosphate was dissolved in 
sufficient DDW and final volume was maintained up to 1000 ml with 
DDW. 
160 ml of solution (a) and 840 ml of solution (b) was 
mixed for getting phosphate buffer pH 7.5. 
4. Potassium nitrate solution (0.02 M) 
2.02 g potassium nitrate was dissolved in sufficient DDW and 
final volume was maintained up to 1000 ml with DDW. 
5. Sulphanilamide solution (1%) 
1 g sulphanilamide was dissolved in 3N hydrochloric acid and 
final volume was made up to 100 ml with 3N hydrochloric acid. 
Ill 
Reagents for the estimation of nitrogen, phosphorus and potassium 
1. Aminonaphthol sulphonic acid 
500 mg l-amino-2-naphthol-4-sulphonic acid was dissolved 
in 195 ml 15% sodium bisulphite to which 5 ml 20% sodium sulphite 
solution was added. The solution was kept in an amber coloured bottle. 
2. Molybdic acid reagent 
6,25 g ammonium molybdate was dissolved in 175 ml ION 
H^SO,. 
3. Nessler's reagent 
3.5 g potasium iodide was dissolved in lOOmlDDW in which 
4% mercuric chloride was added with stirring until a slide red precipitate 
remains, then 120 g NaOH was mixed with 250 ml DDW. The mixture 
was kept in an amber coloured bottle. 
4. Sodium hydroxide solution (2.5 N) 
100 g sodium hydroxide was dissolved in sufficient DDW 
and final volume was maintained up to 1000 ml with DDW. 
5. Sodium silicate solution (IC/o) 
10 g sodium silicate was dissolved in sufficient DDW and 
final volume was made up to 100 ml with DDW. 
6. Sulphuric acid (10 N) 
27.2 ml sulphuric acid was mixed with 72.8 ml DDW. 
Reagents for oil analysis 
1. Hydrochloric acid (0.5 N) 
21.49 ml hydrochloric acid was mixed with 478.51 ml DDW. 
w 
2. Iodine monochloride solution 
13 g iodine was dissolved in a mixture of 300 ml of carbon 
tetrachloride and 700 ml of glacial acetic acid and the resulting solution 
was divided into solution A and B. To 20 ml of solution A. 15 ml of 
potassium iodide solution and 100 ml of DDW was added and titrated 
against 0.1 N sodium thiosulphate solution, using starch solution as an 
indicator. Chlorine gas was passed through solution required for the 
titration was not more than double of that needed in solution A. 
3. Phenolphthalein solution 
10 g phenolphthalein was dissolved in 95% ethanol and the 
volume was made up to I litre. 
4. Potassium hydroxide solution (0.1 N) 
5.6 g potassium hydroxide was dissolved in 95% ethanol and 
final volume was made up to I litre. 
5. Potassium hydroxide solution (0.5 N) 
28 g potassium hydroxide was dissolved in 95% ethanol and 
volume was made up to 1 litre. 
6. Potassium iodide solution 
150 g potassium iodide was dissolved in DDW and the volume 
was made up to I litre. 
7. Sodium thiosulphate solution (0.1 N) 
24.8 g sodium thiosulphate was dissolved in DDW and volume 
was made up to 1 litre. 
8. Solvent mixture 
Ethanol (95%) was mixed with diethyl ether in 1:1 ratio. This 
mixture of solvents was neutralised just before use by mean of 0.1 N 
potassium hydroxide solution in the presence of phenolphthalein solution 
as an indicator. 
9. Starch solution (1%) 
1 g soluble starch was dissolved in 100 ml of boiling DDW. 
